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INTRODUCTION

The overall objective of these studies is to develop novei therapeutic approaches to breast
cancer by understanding the requirements for successful induction of anti-tumor responses using
newly defined T cell epitopes. The use of specific epitopes can overcome limitations in the use
of whole self-protein or biased involvement of Th2 cells. The whole protein is not efficient for
activation of immune cells. In all studies stronger immune responses were obtained when
epitopes were used as immunogens. Breast tumors release tumor Ag in the environment, while
antigen presenting cells (APC) macrophages, M@, dendritic cells (DC) uptake and represe'nt
tumor proteins. However, the disease progresses indicating that this response is inefficient or
suppressed. Our recent studies identified an immunodominant CTL epitope on HER-2. Folate
binding protein/folate receptor-a (FBP/FR-a) and the aminoenhancer of split (AES) of the Notch
complex. We performed an extensive study on HER-2 immunogenicity in healthy donors. We
found that only 2/10 donors responded to E75 presented on dendritic cells by induction of
cytolytic activity at priming. Three others responded after restimulation. Overall 5/10 donors
resonded to E75. This response rate is similar with the one observed in response to melanoma
tumor Ag. These results show that the CTL epitopes alone cannot induce a strong CTL response
in all patients. For this reason we are currently: (1) using the Thl subset of CD4" cells to induce
and amplify a CTL response to tumor. The rationale and the reasons for the use of the helper
epitopes have been described in detail in the previous reports and are not repeated here and; (2)
developing CH2-appended tumor Ag to increase the immunogenicity of E75 (used as a model).

Studies during the previous year have identified a dominant HER-2 epitope recognized

by CD4" cells designated as G89 = HER-2 (777-789) SPYVSRLL GICL.T. This epitope




induced proliferation and type 1 cytokines from PBMC of breast cancer patients, and healthy
donors, suggesting that precursors for HER-2 specific Thl CD44 cells exist

A second objective of this study was to characterize the responsiveness and the type of
response of cells in the lymph nodes of patients with breast cancer to G89. Breast disease spread
through the lymph nodes. Thus, the availability of an antigen which will condition the LN
environment towards Th1 should be important for delaying the spread of breast cancer to LN. A
third objective was to obtain a preliminary estimate of G89" cells. We are currently addressing

this question. Preliminary results to this question show that the G89"cells are present in small

numbers, but they are very high producers of IFN-y.

A third objective of this study was to determine whether G89 provides help (although not yet
clearly defined) for the ultimate goal which is CTL induction. Studies on this direction are
ongoing and preliminary results are available. These studies emphasize the ability of priming
with G89 (as an approach to APC conditioning) in induction of higher cytolytic activity. Three
systems are used for this analysis: (1) healthy donor PBMC; (2) DC1S PBMC and (3) LN cells.
We found that priming with G89 increased the number of lytic effectors specific for E75, after
restimulation with E75. We also found that priming with G89 increased the number of lytic
effectors at restimulation with the CH2-appended CTL epitope E75 (A7.3). The lytic effectors in
the second case were of high avidity for E75 25-50 nM (100 fold/2 log). Although this level of
sensitivity is still below the optimal desired (0.1 — 1 nM pulsed) this is a significant increase over
the previously detected levels.

Studies in CTL induction in LN and the use of G89 to potentiate this response are

ongoing. In conclusion, our studies and results during the last year identified two key points: (1)



G89-priming and (2) CH2-appendage, where the immune response to breast cancer Ag is

amplified and its affinity for the target increase.




PROGRESS REPORT

MATERIALS AND METHODS

Cells, Antibodies and Cytokines. HLA-A2" PBMC were obtained from healthy
volunteers from the Blood Bank of M.D. Anderson Cancer Center. The HLA phenotypes of the
donors used in this study were: Donor 1 (A2, B7, 44), Donor 2 (A2, 33, B40, 44), donor 3 (A2,
33, B41, 81), Donor 4 (Al, 2, B27, 44), Donor 5 (A1, 2 B44, 57, Cw5, 6), Donor 6 (A2, 31, B35,
44, Cw4, w5). For the other four donors only the HLA-A2 expression was determined. T2 cells,
ovarian SKOV3, SKOV3.A2 cells., and indicator tumors from ovarian ascites were described).
mAb to CD3, CD4, CD8 (Ortho), CD13 and CD14 (Caltag Laboratories, San Francisco, CA),
B7.1 and B7.2 (CD80 and CD86, Calbiochem), ICAM-1 (ICAM-1 (CD54, Calbiochem), CD40L
(Ancell, Bayport, MN), HLA-A2 (clone BB7.2, ATCC), and MHC-II (L243, DAKO Corp.,
Carpintera, CA) were used as unconjugated, FITC, or PE conjugated. The following cytokines
were used: GM-CSF (Immunex Corp., Washington, DC), specific activity 1.25 x 10" CFU/250
mg; TNF-a (Cetus Corp., Emeryville, CA), specific activity 2.25 x 10’ U/mg, IL-4 (Biosource
International), specific activity, 2 x 10° U/mg; IL-2 (Cetus Corporation) specific activity of 18 x
108 IU/mg. IL-12 at 5 x 10° U/mg was a kind gift from Dr. Stanley Wolf, Department of
Immunology, Genetics Institute, Cambridge, MA.

Synthetic Peptides. The HER-2 peptides used were: E75 (369-377) and the unnatural
modified Muc-1 peptides D125: (GVTSAKDTRYV) and D132 (SLADPAHGV). The
corresponding natural peptides do not bind HLA-A2. Introduction of an HLA-A2 anchor and
sequence modification in Mucl in residues contacting TCR lead to an unnatural sequence (12).
All peptides were prepared by the Synthetic Antigen Laboratory of M.D. Anderson Carllcer

Center and purified by HPLC. Peptides were 95-97% pure by amino acid analysis. Peptides
p




were dissolved in PBS and stored frozen at —20 °C in aliquots of 2 mg/ml. Polyglycol bead ’
containing E75 were a kind gift of Dr. Kenneth Grabstein (CoriXa Corporation). The eight HER-
2 peptides constructed by the Synthetic Antigen Laboratory of M. D. Anderson Cancer Center
derived from the aminoacid sequence of the human HER-2. These peptides have been
previously selected based on the computer program ANT.FIND.M. which was used for the
prediction of candidate T cell epitopes on HER-2 protein. The sequences of peptides used in this
study are as follows: D122(396-406): QLQVFETLEET, F12 (449-465)
GISWLGLRSRELGSGL;  G88  (450-463);  ISWLGLRSRELGS; F7  (776-789)
GSYVSRLLGICL; Gé9 (777-790); SPYVSRLLGICL; F13 (884-899) VPIKWMALESILRRRF;
G90 (886-898); IKWMALESILRRR and F14 (474-487): TVPWDQ LFR NPHQA. The
residues that are potential HLA-DR11 anchors are underlined. Because of the ability of peptides
to bind on alternative registers, as well as of mutations in the MHC-class II binding pocket,
motifs that predict specific binding to MHC-class II are not yet well defined. Most of these
HER-2 peptides contain a minimum of two of the three major anchors reported for the major
HLA-DR types (i.e. HLA-DR4, -DR1, -DRI11). A larger panel of HER-2 peptides was
previously tested for the ability to induce proliferation of PBMC from randomly selected healthy
donors and ovarian cancer patients. Results of our previous study indicated that F7 and F13
induced proliferative responses of PBMC of healthy donors (57% and 62%, respectively) and
cancer patients (24 and 21%, respectively) with higher frequency than the other HER-2 peptides
tested. In contrast F12 was less frequently recognized (21% in healthy donors and 4% in cancer
patients). F7, and mainly his analog G89 (777-790) induced proliferation of PBMC from a large

number of HLA-DR4+ breast cancer patients. The HER-2 intracellular (ICD) and extracellular



domains (ECD) were gifts from Dr. Kenneth Grabstein, Corixa Corporation and were prepared

as described.

Generation of PBMC-Derived DC. CD13" DC were generated from freshly isolated
PBMC following the established CD14 methods. Complete RPMI medium (containing 10%
FCS) supplemented with 1000 U/ml GM-CSF and 500 U/ml IL-4 was added to each well
containing plastic-adherent cells, changed every 48 h and maintained for 7 days. In separate
studies, performed in parallel, we attempted to grow DC in media containing either HS, or in
AIM-V medium. The growth ana expression of surface markers of DC cultured in complete

RPMI medium was significantly better than of DC cultured in other conditions thus in this study
only DC cultured in complete RPMI medium were used. CD8" cells were isolated by removing
first the CD4+, and then the CD16" and CD36" cells from the nonadherent population using

Dynabeads (Dynal, Oslo, Norway). After depletion, the resulting cells were 97% cD8" as

determined by flow cytometry.

T Cell Stimulation by Peptide Pulsed DC. DC were washed three times in serum-free
medium, plated at 1.2 x 105 cell/well in 24-well culture plates, and pulsed with peptides at 25-

50 pg/ml in serum-free medium for 4 h before addition of responders. TNF-a (50 U/ml) was

added to DC for the last hour to stimulate Ag uptake and presentation. Autologous PBMC or
isolated CD8 " cells in RPMI 1640 containing 10% human serum (HS) were added to DC at 1.5

X 106/m1, followed 60 min later by IL-12 at 3 IU/ml. IL-2 was added 16 h later to each well at
60 IU/ml and every 48 h thereafter. For inhibition studies, mAb specific for B7.1, B7.2, HLA-
A2 were added to DC 1 h before responders in amounts reported to be inhibitory by the

manufacturers.




CTL and Cytokine Assays. Recognition of peptides used as immunogens by CTL was
performed as described. Equal numbers of viable effectors Afrom each well were used in all
assays. To minimize cross-reactive recognition of human peptides, all stimulations were
preformed in media containing HS while CTL assays were performed using media containing
FCS (15). This minimized background cytolysis due to activation of other autoreactive cells to
Ag present in HS. Specific lytic units (LU) were determined as described and are expressed as
LU 30/107 cells. The ability of PBMC to release cytokines in response to stimulation by
peptides activating CD4" cells was determined by culturing PBMC either as unstimulated (NP)
or stimulated with the corresponding peptides. Supernatants were collected after 48 h and stored
frozen at —20°C until assayed for cytokine levels. IFN-y, IL-4 and IL-10 were measured by
double sandwich ELISA using the corresponding kits provided by Biosource International
(Camariyo, CA). The assays were calibrated with human recombinant IFN-y, IL-4 and IL-10 to
detect each cytokine in the range of 10,000 pg/ml.

Determinant Spreading Studies. Peripheral blood was collected from two healthy
donors designated as donor 1 (HLA-A2, 23, B7.48, DR7, 11, DQ2.6), donor 2 (HLA-A11, 68,
B51, 67, DR13, 14, DQ5, 6) and from an ovarian cancer patient, designated as patient 1 (HLA-
A24,,28, B35, W6, 70, CW3, 4, DR11, 14, DQS5). The HLA-typing for the healthy donors was
performed in the Blood Bank of the M. D. Anderson Cancer Center, while the typing of the
patient was performed using molecular methods. Peripheral blood mononuclear cells (PBMC)
were separated by Ficoll-Hypaque and used for stimulation immediately after separation.

T Cell Proliferation Assays. For characterization of T cell responses to HER-2
peptides, PBMC were plated into 24 well plates at a final concentration of 2 X 10%ml in

complete RPMI medium supplemented with 5% human AB serum. Each peptide was added at a



final concentration of 20 pg/ml. Five and six days later, equal volumes of cells were plated in
tetraplicate in a 96 well plate, incubated with 1 pCi of tritiated.thymidine (3H-Tdr) (Amersham)
and counted as previously described (12,13). Results are expressed as stimulation index (S.I.)
representing the ratio between the mean c.p.m. of the cultures stimulated with peptide, and the
mean c.p.m. of the cultures that have not been stimulated with peptide (N.P.). For in vitro
expansion of T cell cultures, six days after the primary stimulation, IL-2 (Cetus) was added in
each culture at a final concentration of 20 Cetus U/ml for four — five additional days.
Afterwards, over the next five days, IL-2 was gradually removed from these cultures. For the
last 48 h before restimulation, the lymphocytes were rested by being cultured in the absence of
exogenous IL-2. Restimulated experiments were performed in same way as primary stimulation

with the difference that APC were X-Ray irradiated (10,000 Rads) autologous PBMC.




Induction of Cytolytic Activity in the Peripheral Blood of Healthy Donors by the HER
Peptide E75 |

The presence of tumor reactive CTL in tumor infiltrates and in the peripheral blood of
cancer patients demonstrates an immune response against tumors which apparently cannot
control disease spread. This raises concerns as to whether amplification of this response may be
useful during disease progression. Induction of tumor-reactive CTL in healthy donors at risk, as
well as in patients free of disease may, be therapeutically important, based on the hypothesis that
CTL which recognize tumors early may be more effective in containing their progression than
CTL that expand only when the disease progresses. To address the feasibility of priming
cytolytic activity in healthy donors, we used the HER-2 peptide E75 (369-377) as immunogen
and autologous peripheral blood mononuclear cells (PBMC) derived dendritic cells (DC) as
antigen presenting cells (APC). We found that out of ten health donors tested, two responded at
priming with E75 presented on autologous DC by induction of E75-specific CTL activity. Three
other responders were identified after two additional restimulations. Of these 5 responders, three
recognized E75 presented on the ovarian tumor line SKOV3.A2 as demonstrated by cold-target
inhibition experiments. Induction of cytolytic activity at priming was enhanced in responders by
TNF-a and IL-12 but not in the non-responders. oB7.1 mAb added at priming enhanced
induction of lytic activity in only one of the four non-responding donors tested, suggesting that in
the majority of donors, E75-precursor CTL were not tolerized. Because of the possibility that
disease may develop in non-responders, strategies to improve the immunogenicity of tumor Ag
for healthy donors may be required for development of cancer vaccines. This point started to be

addressed in these studies (please see “Section 6B, p.15.
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2. In addition to studies on cytolysis (completed and published between these two reports)
annual additional studies indicate that E75, as well as all othef tumor epitope CTL epitopes are
weak and partial agonists for CD8" T-cell activation. The partial agonism is characterized by the
ability of tumor Ag to induce IFN-y, IP-10, and small levels of IL-12 at stimulation with the
peptide presented on dendritic cells (DC). These effects are rapid and evident at priming within
less than 24 h. However, the same peptide is incapable of activating the lytic activity at priming
in the majority of the same donors. This lead to studies to enhance the agonistic activity of E75
by methylene extension.

Induction of Determinants Spreading by HER-2 Epitopes Recognized by CD4" Cells.
Immunization with tumor antigens induce cellular and humoral immune responses. These
responses by T cells are specific for defined eiptopes (determinants) in the molecule of the
immunizing tumor Ag. Expension of such responses to self-Ag requires induction of
autoimmunity to tumor. According with systems of autoimmune disease, expression of T cell
autoimmunity is characterized by diversification of responses from the inducer determinant to
other responder (cryptic) determihants. Since similar strategies may be useful for therapy of
human cancers, we investigated whether induction of response to a HER-2 peptide F7 (776-789)
induces enhanced reactivity of other HER-2 peptides. We found that stimulation with F7 can
expand a response to another epitope F13 (884-899) in both on ovarian cancer patient with
progressive disease and a healthy donor which shared HLA-DR11. This response was
characterized mainly by increased IFN-y secretion, and proliferation, but was not observed with
another donor which shared HLA-DR14, and HLA-DQS5 with the patient. Since repeated
vaccination with the same epitope may lead to decline of primary cell reactivity due to apoptosis

spreading of the response to other epitopes in the tumor Ag may provide an approach for
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maintaining an inflammatory Thl response during cancer vaccination. These studies are now
completed and published (Cancer Immunology [mmunotherapy,l 49:00-00, 2000, in press).
4. Axillary lymph nodes (LN) cellular immune responses to HER-2/neu peptides in
patients with carcinoma of the breast. The studies performed this year completed the studies
initiated during previous years. We demonstrated that HER-2 peptide G89 induced Thl
responses not only in the Metastasis (-) LN but also in the Metastasis (+) LN. The terms Tum"
and Tum’ Ln used in previous reports have been replaced with metastasis (+/-) = Mets (+/-) at the
recommendation of Dr. Henry Kuerer. Indeed, the presence of breast tumor in LN indicate
metastasis. Although this part of the project was delayed because of personnel changes, this part
of the study is now being completed. An abstract presenting our results has been submitted to
the Society of Surgical Oncologists on 8/30/00 (Kuerer et al., attached). Some further analyses
are being performed to complete the manuscript for publication.
5. Characterization of the Mechanism of Help by G89. Studies during previous years
demonstrated that T cell help is required for induction of tumor-specific CTL. To characterize
the mechanisms of T cell help we initiated studies to address the question whether G89 alone on
together with E75 enhance IL-12 production. The results in Figure 1 confirm the results of the
previous study that G89 and the CH2-extended E75 have an additive effect on IL-12 secretion.
Thus G89 by itself does not have a significant IL-12 inducer effect.

To address the question as to whether G89 conditioned DC for higher IL-12 secretion.
DC were pulsed with various peptides followed by addition of isolated PBMC from the same
donor. Two days later, the non-adherent cells were removed and DC were pulsed with E75
followed by addition of freshly isolated nonadherent PBMC from the same donor. These PBMC

were not previously co-cultured with DC. The results in Figure 2 show that G89 conditioning of
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autologous DC induced high levels of IL-12 from DC at encounter with T cells. These levels
were 2-3 fold higher that the ones induced by E75 alone orAin response to E75 conditioning
followed by E75 stimulation. Thus, it appears that G89-conditioning increased the ability to DC
to respond to E75. To address the question whether this impacted on the induction of CTL
activity the responders were tested for recognition of E75 on T2 cells. The results in Figure 2B,
C show that G89 conditioning increased the numbers of E75-effectors by almost 60% (from 196
to 313 LU). This effect was G89-specific, in that the conditioning with G90 increased the
number of CTL effectors by only 26% compared with the effectors induced in the presence of
E75 conditioning. Thus one of the helper effects of G89 appears to be associated with an
increase in the overall number of the effectors at stimulation with E75/A7.3 although this may
represent an increased survival of the effectors or an increase in the numbers of effectors.
Ongoing studies are addressing this point.

6. Characterization of the Effects of G89 Stimulation on the Induction of Cellular
Responses to E75. This work was performed in breast cancer patients with Ductal Cell
Carcinoma in situ (DCIS). This group of patients allowed to obtain blood in more than one
occasion, thus a more complete study could be performed.

(a) The G89 expanding cells by proliferation constitute a small fraction of the PBMC
population in DCI3 patients.

To address the question of the presence and ability of G89+ cells to proliferate, PBMC
from donor DCIS-1 were labeled with carboxyfluorescein (CFSE) and stimulated with G89,
G90, or without peptide as a control. The results in Table 1 show that the number G89
responding cells which underwent two divisions was only 0.57% higher than the NP-stimulated

cells. In the same experiment G90+ cells which underwent two divisions were 2.88% higher
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than the number of control cells which were not stimulated with peptide. Therefore, compared
with T cells which were not antigen stimulated, the original G89" cells were 0.143% (0.57:4)
while G90* cells were 0.720% (2.88:4). This represents 143 G89" cells per 10° cells and 720/10°
G90" cells, respectively. Thus G89-responding cells are present in the blood of DCIS patients at
lower frequencies than the cells responding to G90. To address the question whether G89
induced a Thl response in this patient, we determined the levels of IFN-y and IL-10 induced by
G89 at priming. The results show the IFN-y response to G89 increased in the first 48-72 h, than
remained stable while the IL-10 response decreased in the same time. The G90 responding cells
showed significantly lower levels of IFN-y response in the same assay. They also showed
borderline levels of IL-10 response. It should be noted that calculating the IFN-y/IL-10 ratios,
this may indicate a higher IFN-y/IL-10 ratio for G90 than for G89. However, on a per cell basis
the IFN-y/IL-10 levels were similar (G89=13:3.5, vs G90 = 0.77:0.17). The fact that the overall
IFN-y response was substantially higher to G89 than to G90 (approximately 17-fold) suggested
that G89 may be the helper Ag of choice to induce Type 1 conditioning in this patient. It should
be also mentioned that on a per cell basis the overall IFN-y response was also higher to G89 than
the G90 response with respect IL-10. However, the overall levels of both IFN-y and IL-10 were
very low in response to G90 compared to G89. These results do not exclude G90 as a helper
epitope, but indicate that although G90" cells are present and proliferate their effector cytokine
response is low. Since responses to Ag such as G89 and G90 are MHC-restricted it is possible
that in other patients G90 will be the Th1 epitope of choice.

(a) Priming with G89 Enhance Induction of High-Affinity CTL for E75 at Stimulation
with Methylene Modified E75. The studies described below are ongoing and preliminary results

are shown to indicate the progress of this research.
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(1) To enhance the T cell activating ability of E75 and of other tumor Ag, we are
currently developing a novel class of immunogens. These immunogens are based on the
principle that TCR activation depends on (a) the affinity of TCR for the peptide and; (b) the
ability of the peptide to modulate the TCR intracellular signaling. The development of this class
of tumor Ag is based on the principle that introduction of short (2-4) CH2 (methylene)
extensions in the side-chain of aminoacids pointing upwards and sideways (towards the TCR)
should increase the affinity of the peptide for TCR, because of the formation of van der Waals
bonds. Since van der Waals forces are weak they can be gradually increased or decreased by
addition of CH2 groups. This approach should enhance the Ag stimulating ability with regard
cytokine production and cytolysis. Based on this principle E75 analogs were developed with
CH2 extensions in the Ala 7 of E75 (Ala) points sidewasy. They are as follows: = E75 (A7.0)
(wild-type) no extension 1CH2 extention: A7.1 = Ala-7 replaced with aminobutyric acid, 2CH2
extensions A7.2 = Ala7-replaced with norvaline and 3 CH2 extensions: A7.3 = Ala7-replaced
with norleucine. All these three aminoacids have a linear CH2 side chain which extends the Ala
side chain. They differ in this regard from the natural: saline, leucine, isoleucine which have
branched side chain. Preliminary studies indicate that they are capable of inducing significantly
higher levels of IFN-y from T cells than E75 (Figure 3). To address the question whether
priming with G89 is essential for high-avidity CTL induction, non-adherent PBMC from this
DC15 patient were primed with NP, G89, and G90 followed by restimulation one week later
with NP, G89 + E75, G90 + E75. The result in Figure 4 show that stimulation with G89 and
particularly with G90 induced a significant increase in the overall cell numbers compared with
NP + IL-2. One week later after restimulation (two weeks after priming) the number of

recovered cells start decreasing but the number of live G89 and G90 stimulated cells was still
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higher. To address which of the G89 and G90 induce higher helper activity for cytolytic activity,
the surviving cells, were tested for recognition of the wild-typé Ag (E75) in a CTL assay. We
focused only on high avidity CTL: High avidity CTL should recognize the exogenous pulsed
peptide at concentrations < 107 M. Low affinity CTL described in the previous studies as well
as in this report (Figure 2) recognize E75 at exogenous pulsed concentration of 10°M. (10-25
pg/ml). Thus, there is a log increase in sensitivity of these CTL for the wild-type Ag. The
results in Figure 4B show that CTL derived from cultures primed with G89 and restimulated
with A7.3 expressed higher levels of lysis of targets pulsed with 100 nM of E75.

Key Research Accomplishments.
(1) Demonstration of the fact that CTL epitopes act as weak and partial agonists for
stimulation of cytolysis, although they are strong inducers of IFN-y.
(2) Demonstration of the fact that the CD4 recognized epitope acts as a Thl inducer in the
metastatic lymph nodes of patients with breast cancer. This is an important accomplishment,
because it provides for the first time an antigen which can be used for immunomodulation even
prior the vaccine, to CTL activation to reverse the Th2 environment in metastatic lymph nodes.
3) Development of CH2-appended tumor Ag, which are stronger stimulators than E75 for
IFN-y and cytolysis.
Reportable Outcomes. We apologize for not providing this section last year. At that time there
was a somewhat interim period for completion of experiments and manuscript submission. At

this time a part of our results were published or they are in press and the results are listed below:

(1) We demonstrated that E75 from (HER-2) as well as other CTL epitopes from other tumor

epitopes act as weak and partial agonists with respect activation of T cells from healthy donors
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and breast cancér patients. This partial agonism is characterized by induction of IFN-y of IL-10
and of low levels of IL-12 and IL-2. There is no induction of IL-4, and significantly weaker
induction of IL-10 than IFN-y.

(2)  These CTL epitopes are weak inducers of cytolytic activity. Only 2/10 donors and a
similar proportion of patients (the study is under completion) activated lytic function at priming
with E75 presented on autologous DC, regardless of the supporting cytokines (IL-12, TNF-a, IL-
2 as well as o-IL-10, alL-4, oTGF-B). The conclusions of these studies have been published
(Oncology Reports, 7:455-466, 2500, J. Interferon and Cytokine Research, 20:391-401, 2000,
Clin. Cancer Res., 6:00-00, 2000, in press).

3) The result of one of these studies (Clin. Cancer Res., 6:00-00, 2000.) also supports the
hypothesis that the stimulation systems may be identifying individuals which will respond to a

vaccine with a tumor Ag, considering that the active epitope used is the wild-type epitope. This

may have implications for preventive vaccination in high risk individuals: 2/10 responded at

priming, 5/10 responded after re-stimulation. but 5/10 did not respond. The implications

between this responsiveness, population studies and HER-2 overexpression should be the focus
of future studies.

(4)  Demonstration of determinant spreading for induction of Thl responses, using HER-2
peptides recognized by CD4* (Cancer Immunology Immunotherapy, in press 2000).

5) Demonstration of the Thl inducing effect of G89 (HER-2, 777-789) in the metastatic
axillary lymph nodes of patients with breast cancer. Taking in consideration the helper
dependency of DNA vaccines and of vaccines delivered by various vectors (e.g. adenovirus) G89
can be used for priming before the vaccine itself to modify the cellular environment in the lymph

node.
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Table I. G89"-cells represent a small fraction in the T cells of the DCIS patient.

% Cells in eachCFSE * peak (stimulating antigen)

Cell divisions N/P (none) G89 G90
0 47.89 50.08 47.71
1 45.25 42.50 42.61
2 6.85 7.42 _ 9.73

Specific increase (%) 0 0.57 2.88

PBMC from the DCIS patient 1 were stimulated with each peptide at 20 pg/ml for 6 days. Cells
were labeled with CFSE prior to stimulation. FACS analysis was performed without additional
staining and the numbers of cells in each CFSE" peak were determined. The % positive cells

were determined by dividing the number of cells in each peak by the total number of CFSE"

cells counted.
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Legends to the Figures.

Figure 1. Induction of IL-12 by CH2-extended E75 (3CH2 groups added at the side chain of
Ala7) alone (A) or together with G89.

Figure 2. Pretreatment (conditioning) of dendritic cells at priming with G89 leads to higher
levels of IL-12 and higher numbers of E75-specific CTL after restimulation with E75. (A) IL-12
levels; (B) (C) Cytolytic activity.

Figure 3. High levels of induction of IFN-y by CH2-extended E75 in a donor 3 with low
responsiveness to E75 with responsiveness to E75. Responders were plastic non-adherent
PBMC. Stimulators were autologous DC cultured in GM-CSF IL-4. Immunogens were: E75:
A7.2 (E75+2CH2) at Ala7, A7.3 (E75+3CH2 at Ala7) K66: E75+1CH2 at Ser 5. IFN-y was
determined using an ELISA kit.

Figure 4. Induction of IFN-y and IL-10 in T cells from DCIS patient at priming with G89 and
G90.

(A) IFN-y induction; (B) IL-10 induction; (C) IFN-y/IL-10 ratios. Supernatants were collected at
the indicated times and the cytokine content was determined by ELISA (as described in the
Materials and Methods). IL-12 was not added in this experiment. Note the increase in IFN-y in
the 72-96 h interval with corresponding decrease in IL-10.

Figure 5. Priming with G89 of PBMC from a DC1S patient leads to higher recovery of T cells
after restimulation with G89 + A7.3 (A) and higher numbers of E75-specific high avidity CTL

(B). % viable cells on day 13 was calculated in r¢lation to % viable cells on day 7.
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ABSTRACT

The presence of tumor-reactive CTLs in tumor infil-
trates and in the peripheral blood of cancer patients dem-
onstrates an immune response against tumors that appar-
ently cannot control disease spread. This raises concerns as
to whether amplification of this response may be useful
during disease progression. Induction of tumor-reactive
CTLs in heaithy donors at risk, as well as in patients free of
disease, may be therapeutically important, based on the
hypothesis that CTLs that recognize tumors early may be
more effective in containing their progression than CTLs
that expand only when the disease progresses. To address
the feasibility of priming cytolytic activity in healthy donors,
we used the HER-2 peptide E75 {369-377) as an immunogen
and autologous peripheral blood mononuclear cell-derived
dendritic cells as antigen-presenting cells. We found that of
10 healthy donors tested, two responded at priming with E75
presented on autologous dendritic cells by induction of E75-
specific CTL activity. Three other responders were identi-
fied after two additional restimulations. Of these five re-
sponders, three recognized E75 presented on the ovarian
tumor line SKOV3.A2, as demonstrated by cold-target in-
hibition experiments. Induction of cytolytic activity at prim-
ing was enhanced in responders by tumor necrosis factor-a
and interleukin 12 but not in the nonresponders. aB7.1
monoclonal antibody added at priming enhanced induction
of lytic activity in only one of the four nonresponding donors
tested, suggesting that in the majority of donors, E75-
precursor CTLs were not tolerized. Because of the possibil-
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ity that disease may develop in nonresponders, strategies to
jmprove the immunogeaicity of tumor antigens for healthy
donors may be required for development of cancer vaccines.

INTRODUCTION

Identification of human epithelial tumor Ags,* such as the
ones expressed on ovarian and breast cancers, allows antitumor
vaccination strategies to be developed. Among the most inter-
esting are those that focus on HER-2 because this proto-onco-
gene is overexpressed in 20-40% of patients with highly ag-
gressive breast, ovarian, pancreas, colon, and prostate cancers
and with consequent poor Prognosis. Two clinical trials have
targeted HER-2 (1, 2) using peptides and various adjuvants. The
immunogen of choice in these trials was of the HER-2 peptide
E75 (369-377, KIFGSLAFL), which maps an epitope fre-
quently recognized by CTLs from tumor-infiltrating/associated
lymphocytes of breast and ovarian cancer patients (3, 4).

Although peptide immunization is an appealing approach
to tumor immunotherapy because it removes concems of toxic-
ity and safety while focusing the effectors, the methodology for
vaccination and immunological evaluation it is not yet defined
(5). Important questions need to be addressed before this ap-
proach can be developed to its therapeutic potential. The first
question is whether CTLs generated by primary in vitro and in
vivo immunizations will lyse targets endogenously expressing
the Ag. [t has been shown with model Ag that the majority of
peptide-induced CTLs at ptiming recognized the peptide used as
immunogen, but only a small fraction recognized the endog-
enously presented Ag (6). In some instances, CTLs recognizing
endogenously presented Ag could be induced only with a var-
iant peptide (7). Although peptide-specific CD8* cells may not
always be expected to directly lyse tumors in vitro and in vivo,
such cells can recognize peptides derived from extracellular
degradation of Ag from dying tumor cells and tumor debris.
This may lead to sectetion of various cytokine pattemns in the
mor environment and conditioning of APCs, resulting in an
indirect but significant impact on antitumor responses.

The second concem is how frequeantly tumor peptide vac-
cinations induce Ag-specific CTLs in the human population.
This concern is attributable to the reported low precursor fre-
quency of tumor-reactive CTLs in healthy individuals, however,
this concept has been recently challenged (8, 9). There is also
concern over the weak ability of tumor Ag to induce massive
Ag-specific CTL expansions, as reported with viral Ags 10).

+ The abbreviaticns used are: Ag. antigen: DC, dendritic cell; HER-2,
HER-2/neu proto-oncogene: HS, human serunt. NP, no peptide; APC,
antigen-presenting cell. PBMC, peripherul blood mononuctear cell:
GM-CSF. gmnulocy!e/macrophage-colony stimulating factor; fL, inter-
teukin: mAb, monoclonal antibody: TNF, tumor necrosis factor; LU,
Iytic unit(s); FVV, recombinant vaccinia vector.
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The third concem is whether self-reactive (tumor-reactive)
CTLs in healthy donors are silenced by active tolerance ot
anergy, and stimulation with Ag in peptide form cannot reacti-
vate memory effectors because of B7-CTLA4-mediated periph-
eral tolerance. Recent studies have shown that induction of
melanoma tumor Ag and tumor-reactive CTLs in healthy donors
is much less effective than in cancer patients (10). However,
induction of tumor-reactive CTLs in healthy donors {(as well as
in breast and ovarian cancer patients in long-term remission and
without evidence of disease) is important based on the hypoth-
esis that CTLs that recognize tumors early may be more effec-
tive in containing their progression than CTLs that expand only
when the tumor Ag is overexpressed. (11).

Although a number of studies focused on improving the
immunogenicity of tumor peptides in selected responding pa-
tients and donors using DCs as APCs and inflammatory cyto-
kines, there is little information on the frequency of induction of
these responses in unselected healthy donors. However, this
question is important because cancer vaccines are expected to be
given to distinct individvals, of which some may be at risk to
develop discase, whereas others may be free of disease and
otherwise considered healthy individuals. Thus, the frequency
of CTL responses to a tumor Ag in the population becomes an
important issue. We rationalized that if the frequency of re-
sponses to E75 priming is similar to or lower than the frequency
of responses to MART-1 (10), initial screening of a large panel
of healthy donors may identity at least one responder. Cells of
this responder can be then used as positive controls to address
the questions of costimulation and of cytokine help in elicitation
of cytolytic function in nonresponders.

We developed a model for priming T cells of PBMCs from
healthy donors with the HER-2 peptide E75. We used as APCs
autologous DCs, always freshly generated in the presence of
GM-CSF + IL-4 from the same PBMC sample. To determine
the role of costimulation in this system, aB7.1 antibodies were
added at priming. To establish whether IL-12 and TNF-a are
essential for CTL priming, stimulations were performed in the
presence or absence of these cytokines. We found that 2 of 10
healthy donors responded by inducing E75-specific cytolysis at
peptide priming and S of 10 at restimulation. Although IL-12
and TFN-a potentiated CTL induction in the responsive donors,
they did not help induce CTLs in nonresponders, suggesting that
additional factors to the nature of APCs and inflammatory
cytokine conditioning regulate the induction of CTLs specific
for HER-2 by synthetic peptides.

MATERIALS AND METHODS

Cells, Antibodies and Cytokines. HLA-A2" PBMCs
were obtained from healthy volunteers from the Blood Bank of
M. D. Anderson Cancer Center. The HLA phenotypes of the
donors used in this study were: donor 1 (A2, B7, 44); donor 2
(A2, 33, B40, 44); donor 3 (A2, 33, B4l 81); donor 4 (AL, 2,
B27, 44): donor 5 (A1, 2 B44, 57, Cw35, 6); and donor 6 (A2, 31,
B35, dui, Cw4, w5). For the other four donors only, the HLA-A2
expression was determined. T2 cells, ovarian SKOV3,
SKOV3.A2 cells. and indicator tumors from ovarian ascites
were described (3. 4). mAb to CD3, CD4, CD8 (Ortho), CD13
and CD14 (Caltag Laboratories, San Francisco, CA), B7.1 and

B7.2 (CD80O and CD86, Calbiochem), intercellular adhesion
molecule-1 (ICAM-1 CDS54; Calbiochem), CD40L (Ancell,
Bayport, MN), HLA-A2 (clone BB7.2; American Type Culture
Collection), and MHC-1I (L243; Dako Corp., Carpinteria, CA)
were used as unconjugated, FITC, or phycoerythrin conjugated.
The following cytokines were used: GM-CSF (Immunex Corp,,
Washington, DC; specific activity, 1.25 X 107 colony-forming
units/250 mg); TNF-a (Cews Corp.. Emeryville, CA; specific
activity, 2.25 X 107 units/mg); IL-4 (Biosource International;
specific activity, 2 X 10° units/mg); and IL-2 (Cetus Corp.;
specific activity, 18 % 10° {U/mg). [L-12 at 5 X 10° units/mg
was a kind gift from Dr. Stanley Wolf (Department of Immu-
nology, Genetics Institute, Cambridge, MA).

Synthetic Peptides. The HER-2 peptides used were: E?5
(369-377) and the unnatural modified Muc-1 peptides D125:
(GVTSAKDTRY) and D132 (SLADPAHGYV). The correspond-
ing natural peptides do not bind HLA-A2. Introduction of an
HLA-A2 anchor and sequence modification in Mucl in residues
contacting TCR lead to an unnatural sequence (12). All peptides
were prepared by the Synthetic Antigen Laboratory of M. D.
Anderson Cancer Center and purified by high-performance lig-
uid chromatography. Peptides were 95-97% pure by amino acid
analysis. Peptides were dissolved in PBS and stored frozen at
—20°C in aliquots of 2 mg/ml Polyglycol bead-containing E75
were a kind gift of Dr. Kenneth Grabstein (Corixa Corp.).

Immunofluorescence. Antigen expression by DCsand T
cells was determined by fluorescence-activated cell sorter using
a flow cytometer (EPICS Profile Analyzer, Coulter Co.,
Hialeah, FL). DCs were defined by the presence of CD13 and
absence of CD14 marker after culture in GM-CSF and IL-4. For
phenotype analysis, DCs were incubated with phycoerythrin-
conjugated anti-CD13 mAb and FITC-conjugated mADb specific
for a surface Ag.

Generation of PBMC-derived DCs. CDI3" DCs were
generated from freshly isolated PBMCs by following the estab-
lished CD 14 methods (13, 14). Complete RPMI 1640 (contain-
ing 10% FCS) supplemented with 1000 units/ml GM-CSF, and
500 units/ml [L-4 were added to each we!l containing plastic-
adherent cells, changed every 48 h, and maintained for 7 days.
In separate studies, performed in parallel, we attempted to grow
DCs in medium containing either HS or in AIM-V medium. The
growth and expression of surface markers of DC cultured in
complete RPMI 1640 was significantly better than of DCs
cultured in other conditions; thus, in this study only DCs cul-
tured in complete RPMI 1640 were used. CD8* cells were
isolated by removing first the CD4™ and then the CD16" and
CD56™ cells from the nonadherent population using Dynabeads
(Dynal, Oslo, Norway). After depletion, the resulting cells were
97% CD8", as determined by flow cytomelry.

T-Cell Stimulation by Peptide-pulsed DCs. DCs were
washed three times in serum-free medium, plated at 1.2 X 10*
cell/well in 24-well culture plates, and pulsed with peptides at
25-50 pg/ml in serum-free medium for 4 h before the addition
of responders. TNF-a (50 units/ml) was added to DCs for the
last hour to stimulate Ag uptake and presentation (13). Autolo-
gous PBMCs or isolated CD8 " cells in RPMI 1640 containing
10% HS wera added to DCs at 1.5 X 10%mi, foliowed 60 min
fater by IL-12 at 3 IU/ml, IL-2 was added 16 h later to each well
at 60 1U/mi and every 48 h thereafter. For inhibition studies.
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Table I Summary of E75-specific cytolytic responses in healthy
donors

No. of
E75-specific Enhancement E7S-specific Specific independent

Donor response at by IL-12/ CTL at tumor  priming
no. primary TNF-a restimulation® lysis experiments
1 + + + (1Y + 6
2 - - - ) ND 3
3 - - +(3) + 6
4 - -3 ND 4
5 + + + (1) + 4
6 - - +°(3) - 5
7 x4 x + (D) - 4
8 - - - (@) ND 4
9 - - - () ND 3
10 = - - ND 1
Toal 2/10 210 SN 3/5 40

a 4, specific lysis of E75-pulsed T2 was =20% at an E:T ratio of
20:1; —, specific lysis of E75-pulsed T2 was not significantly different
than lysis of control T2 cells pulsed with no peptide. ND, not done.

® Numbers in parentheses, number of restimulations.

< E75-specific CTL activity was detected after four stimulations.

4 £75-specific CTL activity was <10% at an E:T of 10:1.

¢ E75-specific activity, observed occasionally. could not be en-
hanced by peptide plus cytokine stimulation but was enhanced by
aB7.1.

mAbs specific for B7.1, B7.2. and HLA-A2 were added to DCs
| h before responders in amounts reporied to be inhibitory by
the manufacturers.

CTL and Cytokine Assays. Recognition of peptides
used as immunogens by CTLs was performed as described (3,
15). Equal numbers of viable effectors from each well were used
in all assays. To minimize cross-reactive recognition of human
peptides, all stimulations were preformed in medium containing
HS, whereas CTL assays were performed using medium con-
taining FCS (15). This minimized background cytolysis attrib-
utable to activation of other autoreactive cells to Ags present in
HS. Specific LU were determined as described (10, 16) and are
expressed as LU 30/107 cells.

RESULTS

Priming of Healthy Donors PBMCs with E75-pulsed
Autologous CD14-derived DCs. To address the question of
whether priming with E75 presented on DCs induce E75-
specific CTL activity, plastic nonadherent PBMCs from healthy
donors were stimulated with autologous DCs generated by cul-
ture in GM-CSF + IL-4. DCs were pulsed with E75 at 25-50
pg/ml. Seven days later, cytolytic activity was determined
against E75-pulsed T2 using as control T2 cells that were not
pulsed with peptide. Cumulative results are presented in Table
|. The results show that of 10 healthy donors tested, only 2
showed stable and consistent recognition of E7S after priming
with DC-E75. These cumulative results show that £73 can
induce specific cytolytic activity at priming only in a small
fraction of hcalthy donors (2 of 10; 20%). These results were
confirmed because each CTL induction experiment was re-
peated at least three times at different time points and always
with freshly isolated PBMCs (except donor 10). In 2 donors
(donors 2 and 9), specific CTL activity was occasionally de-

L gy 3 18h
- e15 -~ ETS ~~ = &5
901 —0— oc-132 —{— o3
90
80 70
w0
w 70
iy
50
2 60
[
@
a
9 50 \\ 30
40
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30 - °
20 v -10
[ 25 . §0 100 10 20
Priming Peptide (ug/ml) E:T

Fig. 1 A, induction of E75-specific cytolytic activity at priming with
various concentrations of E75. Plastic nonadherent PBMCs from donor
| were stimulated with the indicated concentrations of E75. Seven days
later, cells were removed from cultures and tested for CTL activity
against T2 pulsed with 25 pg/ml ET5 or D132, The experiment was
performed in triplicate at a 20:1 ratio from all stimulation groups.
Differences between T2-E75 (@) recognition and T2-D132 recognition
(O) ase significant (P < 0.05) in all DC-E75 stimulation groups. B,
priming of PBMCs from donor 9 (nonresponder) with E75 in pelyglycol
beads does not induce E75-specific CTL activity. Experimental condi-
tions were as described for donor 1.

tected in one of three independent experiments, but this activity
was unstable and could not be further expanded. Induction of
this activity in donor 9 required aB7.1 at priming (shown in Fig.
5. In contrast, in the two responding donors, specific CTL
activity was detected at priming in 4 of 6 (donor 1) and 3 of 4
(donor ) independently performed induction experiments over
periods of 1 year and 6 months, respectively.

To addsess the question of the optimal Ag concentration for
priming, autologous DCs were pulsed with 0, 25, 50, and 100
pg/mi of E75 prior to the addition of responders. The resulting
cultures were supplemented with TNF-a and [L-12 at priming
and IL-2 every 48 h for the following 7 days. A representative
experiment of the specificity of recognition of CTLs from donor
| primed by DC-E75 is shown in Fig. 1. The results show that
the specificity of recognition of CTLs induced by E75 at three
concentrations of peptide (25, 50, and 100 pg/ml) was sirailar,
with 50 pg/ml E75 inducing the highest differences in lytic
activity between targets pulsed with E75 or targets pulsed with
no peptide. CTLs could not be induced even by high concen-
trations of E7S in any of the nonresponders. To address whether
E75-stimulatory potency was increased by delivery of Ag en-
capsulated in polyglycol beads, PBMCs from two nonre-
sponders (numbers 2 and 9) were stimulated with autologous
DCs pulsed with polyglycol beads in numbers to generate equiv-
alent E75 concentrations with peptides. The results are shown
for donor 9 (Fig. 1B). Stimulation with encapsulated-E75 failed
to induce specific CTL activity at priming, as concluded from
5-h CTL assays. However, in longer CTL assays (16 h), lysis of
T2-E75 pulsed targets increased significantly compared with

3



4

Cytolytic Anti-HER-2 Cells in Healthy Individuals

€75 + 1L-2 + TNF-a + IL-12

E75 + IL-2 E-75 + IL-2 + TNF-a
1o ——————— 100 7T 100
90 90 901 Fxg‘Z [ﬂduCti9n Of .575-
specific cytolytic activity at
80 80 80 priming in donor 5. Plastic non-
adherent PBMCs were stimu-
70 701 70 lated with SO wg/ml E75 pulsed
2 60 &0 60 on autologous DCs. TNF-a (50
s Uml), IL-12 3 MW/mb), and
e 507 50 / IL-2 (60 TU/ml) were added to
§ 40 401 401 / these cultures. Differences in
a / \ lysis of T2 cells pulsed with
@ : 30 30 E75 (@) or not (O) are signifi-
s cant in all groups (P < 0.02).
2 2 2 All cxperigxrn‘:m‘is (were per)-
10 , 10 10 formed simultaneously in tripli-
cate. Results of one experiment
Qe o o _J of two performed with similar
10 1 e , .10 results are shown.
10 20 10 20 10 20
E:T
that of control targets, and the levels of recognition were similar. s A P i Sanar s
This suggested that cither the numbers of E75-specific CTLs .
were low, or CTLs in these two donors had weak cytolytic 501
activity. It should be mentioned that in both experiments, IL-2 |
was added at 48 and 96 h in higher concentrations (150-200 w0 ..
[U/ml) to facilitate T-cell expansion. Although this increased the a —
background lysis, it did not change the patterns of recognition. 3
Effects of TNF-a and IL-12 in Induction of CTL £ *
Activity at Priming. Both TNF-a and [L-12 have been de- é
scribed in different systems to augmerit cytatoxicity of CD8™ & ®
celis (17, 18). To determine whether the E75-induced CTL
activity could be enhanced by TNF-a and L-12, CTL priming o
experiments were performed in the presence and absence of
these cytokines (Fig. 2). The results from donor S show that the 3
addition of TNF-o at the time of pulsing with peptide-cnhanced, €18+ N . AR N N
E75-specific activity compared with cultures that received only oz : : ”“:'_f . N :
[L-2. When IL-12 was added. the increase in T2-E75 killing was 12 . . w2 .

paralleled by an increase in nonspecific killing. The addition of
IL-12 at higher concentrations during priming did not increase
the specific but rather the nonspecific CTL activity. This was
equally true when isolated CD8" cells were used as effectors
(data not shown). To address whether these cytokines enhanced
cytolytic activity at priming in nonresponders, the experiment
was repeated with donor 1 (responder) and donor 4 (nonre-
sponder). The resuits in Fig. 3 show that TNF-a increased
specific CTL activity in donor | but not in donor 4. Although
T2-E75 lysis increased in TNF-a-treated cultures, it was still not
significantly different from the control. Similar to donor 5 (in
both donors 1 and 4), 1L-12 increased both the nonspecific and
specific lysis. These results were confirmed with all donors
tested (Table 1). IL-12 alone, or together with [L-2 and TNF-a,
failed to induce specific CTL activity in nonresponders.

To address whether the increase in cytolytic activity in-
duced by TNF-a and IL-12 at priming was attributable to
changes in the levels of CD8™ cells in these cultures, we
determined the percentages of CD8* and CD4" in E75-primed
cultures from donor 5 used in the experiment shown in Fig. 2.
The results in Table 2 show only smal! differences between the

Fig. 3 Addition of IL-12 at priming does not induce specific CTL
activity in the nonresponders. Donor 1 (responder; A) and donor 4
(vonresponder; B) were tested in the same experiment. The E:T ratio
was 20:1. For donor 1, this experiment was pecformed at a different date
with a fresh blood sample than the experiment shown in Fig. 1. A: s,
significant differences in recognition of E75 ((J) compared with control
NP (W; P < 0.02). B: »+, significantly higher recognition of T2-NP than
of T2-E75 (P < 0.05).

percentage of CD8™ cells in cultures containing 1L-2 only
compared with IL-2 + TNF-a or IL-2 + TNF-a + IL-12. A
caveat of this analysis is that E75 tetramers are not yet available;
thus, we could not determine whether TNF-a and IL-12 in-
creased the numbers of E75-specific cells in these cultures.

Involvement of B7-CD28 Costimulation in E75-specific
CTL Priming. To address whether induction of E75-specific
cytolytic activity required costimulation, a«B7.1 and aB7.2
mAbs were added at priming. The results in Fig. 4 show that
aB7.1 significantly inhibited induction of specific CTL activity
in donor § (by >80%), whereas aB7.2 had a much smaller
effect.
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Table 2 Expression of CD8 and CD4 on ET75-primed cultures
Peptide -2 TNF-a [L-12 %CD8” %%CD4
- + - - 213 59.1
+ + - - 18.9 64.9
- + + - N.D. N.D.
+ + + - 214 63.4
- + + + 25.2 55.9
+ + + + 25.1 55.0

Plastic-nonadherent PBMCs from donor 5 were stimplated with
autologous DCs pulsed with E75, or as control with autologous DCs that
were not pulsed with E75. TNF-a and [L-12 were added at priming.
whereas [L-2 was added 24 h later. Cells were stained with the corre-
sponding a-CD8 and «-CD4 in antibody 7 days later and examined by
fluorescence-activated cell sorter.

B7.2 was expressed at significantly higher levels than B7.1
on DCs. Furthermore, interaction of DCs with T cells and
cytokines was paralleled by B7.2 but not B7.1 up-regulation
within 20 h (not shown), raising the possibility that «B7.2 mAb
was insufficient for blocking. The strong inhibition of E75-
specific CTL induction by aB7.1 suggested that the responder
CTLs in this donor are more likely naive T cells.

To determine whether the nonresponders were activated
but tolerized T cells, which cannot expand because of B7-
CTLA4 interaction, the experiment was repcated with four
nonresponders (nos. 3- 6) using the same amounts of aB7.1 as
in donor 5. The results are shown in Fig. S. In donor 9, the
addition of aB7.1 at priming led to induction of specific CTL
activity (Fig. SA). [t is tempting to speculate that in this donor,
activated but tolerized E75-specific CTLs were pfesent, and
they cannot expand because of the B7-CTLAY interaction. Ad-
ditional studies are needed to address this point. In donors 4 and
5. the addition of @B7.1 at priming failed to induce significant
specific cytolytic activity. These results were confirmed with
donor 3 (not shown). Thus, of five donors tested, aB7.1 inhib-
ited E75-specific CTL priming in one (no. 5), enhanced CTL
priming in another one (no. 9), but failed to enhance induction
of specific CTL activity in three (nos. 3-5). These experiments
were repeated, and the results were confirmed. Thus, the re-
quirements for B7-CD28 costimulation appeared to be depend-
ent on the donor.

Induction of CTL Activity at Restimulation. To ad-
dress whether E75 restimulation enhanced specific cytolytic activ-
ity, E75 primed PBMCs from all donors were resumulated with
DC-E75. Of the eight nonresponders at primary stimulation, only
three {(donor nos. 3, 6, and 7) increased their E75-specific lysis at
restimulation. In two of three donors (donors 3 and 6), specific E75
recognition was borderline after restimulation. E75-specific cytol-
ysis was observed at the fourth stimulation with DC-E75 in these
two donors (data not shown). [n the other five donors that were
both primed and restimulated with E75 but failed to show specific
CTL activity. additional restimulations were not attempted. be-
cause of the low levels of recognition of T2-E75 at restimulation
compared with nonspecific lysis. We rationalized that the five
nonresponders will require a minimum of four and even more
restimulations to possibly elicit E75-specific CTLs. Thus, even if
cytolytic activity would be detected after four to five stimulations,
this finding would also support the hypothesis of weak E75 immu-
nogenicity in these individuals.
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Fig. 4 Priming of E75-specific cytolysis in donor S requires B7 co-
stimulation. Plastic nonadherent PBMCs from donor 5 were primed with
E7S in the presence or absence of aB7.1 and aB7.2 mAb. Resulis are
shown as specific LU calculated from two E:T ratios (10:1 and 20:1)
from the percentage of specific lysis against E75 and against the spec-
ificity control, the unnatural negative control peptide D132 (10, 12).
D132 was used as control to stabilize HLA-A2 on T2 cells similarly
with E75.

Recognition of Tumor Cells by E75-primed CTLs. To
address the question of whether E75-primed CTLs from healthy
donors recognized endogenously presented epitopes, CTLs gen-
erated from donors 1, 3. 5. 6, and 7, which showed peptide-
specific lytic activity. were tested for their ability to lyse the
tmor line SKOV3.A2 and its A2” counterpart, SKOV3. Except
for HLA-A2, all other histocompatibility Ags on SKOVId
SKOV3.A2 are identical. To verify that the responses are E75
specific, cold-target inhibition experiments using uniabeled T2-
E75 as specific target and T2-NP as negative control were
performed in parallel. T2 express only HLA-A2 and low levels
of HLA-BS. The results are summarized in Table 1. Peptide-
specific CTLs from donors 6 and 7 did not show specific
recognition of SKOV3.A2 wmor. However, E75-specific CTLs
from donots 1, 3, and 5 recognized endogenous E75. These
donors do not express HLA-BS, suggesting that E7S was pre-
sented by HLA-A2. It should be mentioned that E75-specific
CTLs were induced in donors | and 5 at priming with DC-ET5,
whereas in donor 3. expression of this cytolytic activity required
four stimulations with DC-E75. These results indicated that of
10 healthy donors tested, only three (33%) responded by induc-
ing CTLs that specificaily recognized rumor cells. This percent-
age was higher in the group of responders with peptide-specific
CTLs (three of five; 60%). The results with donor 5 are shown
in Fig. 6, A and B. Both E75-primed cultures from donor § lysed
SKOV3.A2 better than SKOV3, suggesting that they recognize
an epitope associated with HLA-A2. To address whether these
cultures recognized an endogenous presented epitope similar to
E75, we performed cold-target inhibition experiments. The re-
sults in Fig. 6C show that T2-E75 significantly inhibited by
>50% recoguition of SKOV3.A2 by CTLs from donor 5 com-

§
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donor 5 recognize SKOV3.A2 (@) better than SKOV3 (O) cells, suggesting that they recognize an
the levels of lysis of two targets are significant (P < 0.05). C. cold-targeted inhibition of SKOV3.A2
negative control T2-NP, or the negative peptide control T2-E71 demonstrate

E75-specific recognition for donor 5 (W) and donor { (OJ). Differences in lysis of SKOV3.A2 cells incubated with T2-NP (percentage of specific lysis:
56, 59, and 60%) and T2-E75 (percentage of specific lysis: 39, 42, and 44%) were significant (P < 0.05).

pared with control T2-NP, which expressed HLA-A2. This
inhibition was peptide specific because it was nat observed with
the control peptide E71 pulsed on T2, suggesting that some
E75-primed CTLs recognized an endogenously presented
epitope, but these cells are not the majority in the effector
population. Similar results were obtained with E75-primed celis
from donors 1 (Fig. 6C) and 3 (not shown). However, the levels
of cold-target inhibition were lower and ranged between 20 and
25% in two separate experiments. This suggested that only a
subpopulation of E75-induced CTLs recognize endogenous gen-

erated epitopes. Thus, successful induction of E75-specific CTL
activity at priming with E75 using DCs as APCs and inflam-
matory cytokine support appears to be dependent of additional
factors other than the nature of APCs and B7 costimulation.

DISCUSSION

In this study, we investigated the ability of the HER-2
peptide E75 to prime E75-specific cytolytic activity in healthy
donors when presented on autologous DCs. We found that only
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2 of the 10 HLA-A2" healthy donors tested responded by
induction of E75-specific cytolytic activity at priming. This was
confirmed in replicated experiments performed over time, and
. the use of various cytokine combinations [L-2+IL-12, IL-2 +
TNF-a + IL-12, or preculture in IL-2, preculrure in IL-2 +
RANTES.® These results indicated that E75-specific or cross-
reactive T cells endowed with cytolytic activity can be elicited
at priming in only a fracton of healthy donors (20%) but
induced in an additional 30%. Of interest. E75-primed CTLs
from these two donors recognized E75 presented on tumor cells,
because their activity was inhibited in ¢old-target inhibition
assays. .

Two cytokines, TNF-a and IL-12, were used to potentiate
E75-specific CTL induction. TNF-a has been described to in-
crease Ag uptake and presentation by DCs (13) and to potentiate
CTL generation in animal models (17). 1L-12 has also been
described to potentiate CTL induction and cytolytic activity (18,
19). TNF-a and 1L-12 increased the levels of cytolytic activity
in responders but had no effect in nonresponders. This suggests
that these cytokines are not essential for priming of E75-specific
CTL activity. Of interest, in the responders, induction of E75-
specific cytolytic activity was inhibited by aB7.1, suggesting a
requirement for costimulation in the induction of cytolytic ac-
tivity, raising the possibility of DC-E75 primed naive T cells,

Induction of E75-specific cytolytic actvity al priming with
peplide observed with two healthy donors is of interest in
evaluating the potential of this epitope for tumor-specific CTL
induction and cancer vaccine development. {n human tumor
systems (most instances). priming with peptide required several
repeated stimulations of healthy donor PBMCs before specific
cytolysis was detected. CTLs specific for tyrosinase 369-377
peptide were detected in four of five healthy donors after three
restimulations with peptide (21). Peptide-specific CTLs were
induced in healthy donors using DCs and peptides from gp100,
tyrosinase, and MART-1/MelanA. Detection of CTL activity
requiced three to four cycles of stimulation (22). Similarly.
presentation of MART-I by DCs transduced with an adenoviral
vector construct carrying the MART-1 gene required three stim-
ulations for induction of specific cytolysis (23), although in
some donors, specific cytolytic effectors were detectable 7 days
after priming (24). In contrast, in another study, MART-1 (27-
35)-specific cytolytic function could be induced in a nonre-
sponder only, using APCs infected with rVVs expressing rVV-
B71/2 + peptide, or tVV-B7.1 + MART-1 and restimulated
with peptide. but not by peptide stimulation only (25, 26). Thus.
the potency of E75 to induce cytolytic function in healthy
donors appears similar to that of the MART-1 peptide 27-35.

Few studies have investigated the frequency of responses
to tumor Ags in healthy donors at priming and restimulation or
the consistency of these responses for an individual. This aspect
is important because of its implications for protective vaccina-
tion in healthy donors or ovarian, breast, and prostate cancer
patients without evidence of disease. Tn one extensive study,
Marincola et al. (10) found that after several stimulations with
MART-1 (27-35), five of nine healthy donors (56%) responded

5T.V. Lee and C. G. foannides, preliminary data.

by induction of specific cytolytic effectors. Only one to two
donors showed weak activation of cytolysis at priming. In an
independent study, 4 of 16 healthy donors (25%) responded to
MART-1 (27-35) after two stimulations (27). Similarly, anti-
p53 (264-272) cytolytic effectors were generated from 2 of 5
healthy donors (40%) after several restimulations with peptide-
pulsed DCs (28), whereas anti-gp100 CTLs were elicited in 1 of
10 healthy donoss at priming (29). .

In contrast with melanoma Ag, the immunogenicity of
which has been repeatedly investigated in extensive studies, the -
experience with E75 is limited. Similar to the MART-1 peptide,
E75 activated rapid cytokine secretion from cultured ovarian
rumor-infiltrating lymphocytes or CTL lines (30, 31) and act-
vated cytolysis in rumor-associated lymphocytes. (32). Freshly
isolated PBMCs from cancer patients that were not vaccinated
with peptide rapidly responded to E7S and to another HER.2- .
epitope, GP2 (33), in a similar fashion as melanoma patients to
MART-1, by induction of specific cytolysis and tumor recog-
nition (34). The ease by which E75- and GP2-specific cytolytic
activities were induced in patients suggested that E75 and GP2
reactivated effector/memory CTLs rather than primed naive
cells (34). Our results showing 2 of 10 responders at priming
(20%) and S of 10 responders at restimulation (50%) indicate
that E75 is similar to MART-1 {27-35), tyrosinase 369-37D),
and pS53 (264-272) in its ability to activate cytolysis in ran-
domly selected healthy donors.

It is possible that E75 cannot elicit a complete response in
all donors during PBMC priming. Our recent studies on cyto-
kine responses by E75-primed PBMCs in healthy donors show
that E75 rapidly activated specific IFN-+y release in five of six
healthy donors, an effect that was enhanced by IL-12.% Although
the same donors were used in these studies and IL-12 was used
in parallel experiments, we could not observe a similar effect
with respect to induction of cytolysk, Thus, a complete response
(cytokines and cytolysis) was observed only in two donors of
the six tested. This suggests that E75 may act as a partial
agonist. In support of this possibility, Zaks and Rosenberg (1
reported recently that E75 vaccination in IFA of four cancer
patients led to a peptide-specific response at restimulation in all
patients (cytolysis and IFN-y). T cells from two of three E75-
vaccinated patients recognized, occasionally, tumor celis by
specific [FN-vy secretion but failed to show specific tumor lysis
(1). Similarly, tyrosinase 369-377-specific CTLs from two of
four responders failed to rccognize tyrosinase-expressing tu-
mors (21). Preliminary results from a vaccine trial in breast and
ovarian cancer patients indicate that PBMCs from only two of
six E75-vaccinated patients (33%) stimulated in vitro elicited
specific CTL activity against peptide and specific tumor recog-
nition, although all responded to E75 by specific IFN-y induc-
tion (2).

The similar response rates for induction of cytolysis in
healthy donors to én vitro fumor peptide vaccination raise a
number of questions about the application of this approach:

(a) Why, regardiess of the Ag used, only 10-20% of healthy
donors respond at priming, and only 40-50% at restimulation with

8T V. Lee. B. W. Anderson, et ul., submitted for publication.
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peptide? One possibility is that healthy donors have different pre-
cursor frequencies for the CTL epitopes, and repeated peptide
stimulation (three to four times) is not sufficient to expand the
effector population to sufficieatly high numbers to detect CTL
activity. Thus, one approach is to continue repeated vaccinations
and deliver exogenous help by helper peptides and cytokines until
such CTL responses are elicited (9, 35)-

(b) If the 10-20% of donors that respond to peptide prim-
ing have higher pCTL frequencies for E7S/MART-1 than non-
responders, then what is the reason for this increased frequency?
It is tempting to speculate that local inflammatory conditions
and cross-reactive prming may activate CTL precursors, such
as in donor 9. and these precursors become tolerized.

(c) If pCTL frequency is simitarly low in all healthy donors, .

then why do some respond better than others? One possibility is
that discrete changes in HLA-A2 attributable to HLA-A2 polymor-
phism may lead to a more immunogenic E75 in some donors. In
support of this possibility. Maurer ef al. (36) demonstrated that
mutated HLA-AZ2 in position 97 can segregate MART-1 (27-35)-
induced cytotysis from cytokine production. Furthermore, the pool
of E75 precursors may expand or contract over time because of
different environmental factors (37. 38). This may be supported by
the fact that the responders showed E7S-specific CTL activity
frequently, whereas some of the nonresponders showed activity
only occasionally in the majority of independently performed ex-
periments. Additional studies using carboxyfluorescein acetate to
determine cell division, E75-tetramers to determine the frequency
of E75-specitic CTLs, and intracellular [FN-vy staining are required
to distinguish among these possibilities.

Increased HLA-A2 binding affinity by COOH-terminal
modification was able to enhance tumor Ag immunogenicity (in
some instances), as shown in our previous studies (15) and by
other investigators using the melanoma Ag gpl00 (39. 40).
However, increased HLA-A2 binding affinity does not always
predict a higher T-cell receptor signaling or a complete T-cell
activation (reviewed in Ref. 41). In some of the reported cases,
CTLs induced by higher HLA-A2 affinity binding variant
showed low affinity for the tumor cells (15), and more recently
(39, 40), some reports have suggested that they preferentially
targeted tumors expressing high numbers of the epitope. Thus,
novel immunogens need to be designed with emphasis on mod-
ifications in the Ag that would induce high rates of proliferation
and select responders of high cytolytic activity, i.e., high cata-
lytic activity as demonstrated by enzymes. Because restimula-
tions may induce apoptosis, it remains 1o be seen whether
tumor-specific CTL expansion would require several agonists,
cach being capable of activating one effector function at a time.
At the present, the results of this study demonstrated that cyto-
lytic effectors to an epitope on HER-2Z, which is overexpressed
on the majority of epithelial tumors, can be elicited in a fraction
of healthy individuals at priming, and in nonresponders. the
precursors were not tolerized. Because these studies were per-
formed with 10 donors and substantiated in multiple replicate
induction experiments using the same stimulation system, this
suggests that this stimulation system may be identifying indi-
viduals that wil} respond to vaccine with a tumor Ag. This may
have implications for preventative vaccination in high-risk in-
dividuals.
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Secretion of CXC Chemokine IP-10 by Peripheral Blood
Mononuclear Cells from Healthy Donors and Breast Cancer
Patients Stimulated with HER-2 Peptides
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ABSTRACT

CXC chemokines play an important role in recruitment of T cells to the site of activation and regulation of
angiogenesis. CXC chemokines are secreted by T cells stimulated with cytokines or by established cytotoxic
T lymphocyte (CTL) lines at recognition of conventional antigen (Ag), but the activation requirements and
the relationship of interferon-y (IFN-y) inducible protein (IP-10) secretion with IFN-y induction in lympho-
cytes are still unclear. We studied the induction of IP-10 from nonadherent peripheral blood mononuclear
cells (PBMC) by IFN-y, interleukin-12 (IL-12), and the HER-2 peptide E75, which forms a CTL-defined anti-
gen. We found that IFN-vy alone was a weak inducer of IP-10 in these cells, whereas IL.-12 was a significantly
stronger inducer of IP-10. In the presence of IL-12, the tumor peptide E75 (HER-2, 369-377) was a stronger
inducer of IP-10 than was IL-12 alone. E75 and its variants mutated at position 5 could also induce IP-10 in
the absence of exogenous IL-12 or IFN-y. IP-10 induction by E75 required HLA-A2 presentation and B7-
CD28 interactions and was partially inhibited by blocking of CD40-CD40L interactions. These results indi-
cate that presentation of tumor peptides to peripheral T cells can induce a fast chemokine response, which in
its early phase may be higher than the IFN-y response. This shows that the IP-10 response was independent
of any early-phase IFN-y response in peripheral T cells. This may be important for understanding the regu-
lation of the balance between chemoattractant chemokines (CC) and CXC chemokines by tumor Ag and may
have implications for understanding the mechanisms of polarization of T cells and conditioning of antigen-
presenting cells (APC) by tumor antigens.

INTRODUCTION

D..\'r..\ FROM BOTH HUMAN STUDIES and animal models sug-
gest that cytotoxic T lymphocytes (CTL) are an important
host defense mechanism against tumors. Recent studies, as well
as a number of clinical trials, have demonstrated that CTL are
capable of expansion i/n vivo and are associated with the con-
trol of tumor growth. The fact that tumor cell growth can be
controlled by CD8* CTL is indicative of the potency of these
cells. It has been established that after activation. T cells ac-
quire eftector functions. For CD8* T cells, two functions have
been extensively characterized: the specific lysis of antigen
(Ag)-expressing targets and cytokine secretion in response to
the specific antigen.

A recently identified novel CD8*% CTL function is the re-
lease of CXC chemokines in response to cognate Ag.(!:® This
function was defined by the ability of established CD8* CTL
lines to attract, by secretion of interferon-y (IFN-vy) inducible
protein (IP-10), other cells, particularly Ag-specific CD4*
cells.¥ Regulation of this chemoattractive function appears to
be an intricate process involving specific chemokines and
chemokine receptors.(?) Expression of the latter provides a sig-
nal code for selective migration of subsets of effector and reg-
ulatory cells at the site of inflammatory reaction and up-regu-
lation and downregulation of the immune response to a specific
antigen.>® In addition to their role as chemoatiractants for
leukocytes, CXC chemokines play a role in regulating angio-
genesis and initiate signaling events in T lymphocytes, although

Departments of 'Gynecologic Oncology, 2Surgery. *Bioimmunotherapy, and *Immunology. The University of Texas M.D. Anderson Cancer

Center, Houston, TX 77030.

SDepartment of Surgery, Uniformed Services University of the Health Sciences, Bethesda, MD 20314,

391




392

with a few exceptions; for example, interleukin-8 (IL-8) is still
poorly understood.’?) CXC chemokines are coordinately se-
creted in response to cytokines, thus exposing the tumor envi-
ronment to factors that may promote or inhibit tumor growth.)
Members of the CXC chemokine family can behave as either
angiogenic or angiostatic factors.®® Such chemokines as IP-10
monokine induced by IFN-y (MIG), and platelet factor-4 (PF-
4), which lack a three amino acid motif (Glu-Leu-Arg, i.e.,
ELR) in the primary sequence, are angiostatic factors. They are
also defined as CXC-non-ELR chemokines. In contrast, CXC
chemokines that contain this motif, such as IL-8, are angio-
genesis-inducing factors.®

CXC-non-ELR chemokines, such as IP-10 and MIG, can in-
hibit angiogenesis and mediate tumor regression.® There is lit-
tle knowledge about how the production of these chemokines
from lymphocytes can be enhanced and sustained. Under-
standing this question is important because IP-10 mediates its
endothelial cell growth inhibition and signaling effects at rela-
tively high concentrations (nanomolar range).(”” Original stud-
ies showed that IP-10 (and MIG) can be secreted by monocytes,
fibroblasts, and endothelial cells after stimulation with tumor
necrosis factor-a (TNF-a) = IFN-y. Tumor cells were also
shown to produce the angiostatic chemokine IP-10 constitu-
tively!® or after treatment with IL-12,%%) but the IP-10 levels
were significantly lower than those produced by CTL lines.®
Production of IP-10 from a number of nonlymphoid cells re-
quired high concentrations of IFN-vy as an inducer. The amounts
of IFN-y needed to induce IP-10 gene expression are in the
range between | and 15 ng/mL.4%!D Thus, one approach to en-
hanced IP-10 production is to increase the amount of IFN-y
used as inducer or to add synergistic factors along with [FN-y,
such as TNF-a. lipopolysaccharide (LPS), or phorbol myristate
acetate (PMA).UO121D The synergistic antitumor effects of IL-
12 and IL-18 reflect, among others. inhibition of angiogene-
sis.(" These effects appear to be mediated at least in part by
IP-10.1'Y However, IL-12 and IL-18 also act either as inducers
of IFN-y or costimulators of its production.!® Attempts to en-
hance immune cell IFN-y production by increasing the con-
centration of its inducer (IL-12) led to immune suppression as
a result of IFN-v induction of nitric oxide synthase (iNOS) as
well as to high IL-12 dose-related toxicities. raising concerns
about the efficiency of this approach.!!” Thus, alternative ap-
proaches to increased concentrations of induced cytokines are
needed to stimulate angiostatic chemokine production.

Although a direct, nonimmune function of IP-10 in the in-
hibition of tumor growth has been described,” several studies
reported a T cell dependency of the antitumor activity of IP-
10.'% Recently, IP-10 was shown to be secreted by activated
CD8* CTL lines after stimulation with Ag.?:'®> However, there
are no studies that address the activation requirements for IP-
10 production by T cells. It is still unclear whether CD8% cells
secrete IP-10 at priming with Ag or whether IP-10 production
is a late effect following cell expansion and differentiation in
response to Ag. It is also unknown whether in addition to con-
ventional Ag, tumor Ag can activate IP-10 production in CD8*
cells directly or whether IP-10 is a secondary effect to Thl cy-
tokine induction (e.g.. IFN-y) and the presence of activated Thl
cells, which were reported to secrete CXC chemokines.*”

We found that exogenous IFN-vy induced IP-10 in lympho-
cytes with slow kinetics. In contrast, the kinetics of induction
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of IL-10 by IL-12 was significantly faster. Stimulation of pe-
ripheral blood mononuclear cells (PBMC) or of isolated CD8*
cells from healthy donors and breast cancer patients with the
HER-2 peptide E75 (369-377)! rapidly induced IP-10 within
24 h, even in the absence of exogenous IL-12 or IFN-y or both.
Freshly isolated PBMC from both healthy donors and breast
cancer patients rapidly secreted high levels of IP-10 in response
to tumor Ag (peptide) without previous restimulation and cul-
ture. The ability of tumor peptide E75 to induce IP-10 from T
cells was modulated by changes in its sequence, suggesting T
cell receptor (TCR) signaling may define a pathway for IP-10
induction.

MATERIALS AND METHODS

Synthetic peptides

The following synthetic peptides were used in these experi-
ments: E75, KIFGSAFL; F42, KIFGKLAFL; F43, KIF-
GALAFL; and F45, KIFGGLAFL. E75 maps an immunodom-
inant CTL epitope in HER-2 and is frequently recognized by
ovarian and breast tumor-associated CTL.*'-2 The HER-2
peptide G89 (HER-2, 777-789) was used as a helper peptide.¥
All peptides were prepared by the Synthetic Antigen Labora-
tory of M.D. Anderson Cancer Center by a solid-phase method
and purified by HPLC.

Cells

PBMC were obtained from healthy donors and breast can-
cer patients. Expression of HLA-A2 was verified by immuno-
fluorescence with anti-HLA-A2. monoclonal antibody (mAb)
BB7.2. Dendritic cells (DS) were generated from plastic ad-
herent PBMC by standard culture in granulocyte-monophage
colony-stimulating (GM-CSF) and IL-4 for 5 days as de-
scribed.® The DC were detached by gentle pipetting, washed,
and pulsed with various concentrations of peptides. CD8* cells
were separated by negative selection from PBMC using mAb
to CD8, CD16, CD56. and magnetic beads (Dynabead) coated
with anti-mouse mAb. PBMC or isolated CD8* cells were stim-
ulated with DC pulsed with E75 or its variants over a range of
concentrations at a stimulator:responder ratio of 1:25.

Cytokines

The following cytokines were used in these experiments:
IFN-vy (sp. act. 4 X 107 U/mg) (PharMingen, San Diego, CA),
IL-12 (sp. act. 5 X 10° U/mg) (PharMingen), IP-10 (sp. act.
5 X 10° U/mg) (R&D Systems, Minneapolis, MN), TNF-a (sp.
act. 2.5 X 107 U/mg) (Cetus, Emeryville, CA) IL-2 (sp. act.
18 X 10% U/mg)(Cetus).

Antibodies

The following antibodies were used in these experiments for
blocking: anti-IFN-y, anti-CD40L, and anti-CD40 (PharMin-
gen) anti-HLA-A2 (B7.2) (ATCC, Rockville, MD), FITC-con-
jugated anti-CD8 and anti-CD4 were obtained from Ortho (Rar-
itan, NJ).
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IR-10 detection

The ability of cells to secrete IP-10 in response to cytokines
and peptides was determined by culturing nonadherent PBMC
or isolated CD8" cells or both and collecting supernatants at
corresponding times. The levels of IP-10 secreted were de-
termined using a modified sandwich ELISA (R&D Systems)
established in our laboratory. A flat-bottom 96-well microtiter
plate was coated with 100 ul/well of antihuman IP-10 mAb
(2 pg/ml in phosphate-buffered saline [PBS], pH 7.2) (R&D)
for 24 h at ambient temperature. The plate was subsequently
washed with PBS, pH 7.4, and 0.05% Tween-20, then blocked
with 3% ovalbumin (Sigma Chemical Co., St. Louis, MO),
5% sucrose, and 0.05% NaNj. IP-10 standards were made
from recombinant human IP-10 (rHulP-10) (R&D) in a solu-
tion consisting of Tris-buffered saline (TBS). pH 7.3, 0.05%
Tween-20, and 0.1% bovine serum albumin (BSA) using se-
rial dilutions. Standards or supernatants (100 wl/well) were
plated in duplicate and incubated at ambient temperature for
2 h. After three washes, 100 ul/well of biotinylated antihu-
man IP-10 mAb (100 ng/ml in TBS, pH 7.3. 0.1% BSA) was
added, followed by 100 wl/well of streptavidin-peroxidase
conjugate. The chromogen substrate, at 100 ul/well, consisted
of DMSO and H.SO,. Plates were read at 450 nm in an au-
tomated microplate reader (Bio-Tek Instruments, Inc., Rich-
mond, CA). Standards dilutions of IP-10 ranged from 4000
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pg/ml to 15.6 pg/ml. This method consistently detected IP-10
concentrations >31.25 pg/ml in a linear fashion. IFN-y was
also determined by ELISA, using a specific ELISA kit (R&D).

RESULTS

Kinetics of IP-10 induction by IFN-y and IL-12 in
plastic nonadherent PBMC

To address the question whether IFN-vy can induce IP-10 pro-
duction directly in lymphocytes, plastic nonadherent PBMC
(monocyte-depleted PBMC) from a healthy donor were incubated
with IFN-y over a range of concentrations, 0~100 U/ml, and the
supernatants were collected and used for determination of IP-10
by ELISA. The specific activity of IFN-y corresponded to 40
U/ng. The results in Figure 1A,B show a steady increase in IP-
10 secretion over a 120-h incubation period. IP-10 was not de-
tected in response to low concentrations of IFN-y (5 U/ml) but
was present with its levels increasing over time in response to
100 U/ml IFN-y. This suggests that IFN-y alone at concentra-
tions of 50-100 U/ml, that is, 1.2-2.5 ng/ml, is a weak inducer
of IP-10 in PBMC. To determine if IP-10 induction was medi-
ated through IFN-v, the experiment was repeated in the presence
of IFN-y-specific mAb. Anti-IFN-y completely inhibited IP-10
production, suggesting that IP-10 is induced by IFN-y (Fig. 1C).
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FIG. 1. (A,B) Time course and concentration-dependent kinetics of IP-10 induction by IFN-vy from plastic nonadherent PBMC

isolated from a healthy donor. (C) Inhibition of IP-10 induction by mAb to IFN-y. IFN-y was used at 50 U/ml. Anti-IFN-y was
used at 2.5 pg/ml. [P-10/pg/ml represents the amount of IP-10 produced by 10° cells.
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Because IFN-vy induction is dependent in many instances on
IL-12 as a cofactor,(!® we investigated whether IL-12 by itself
can induce IP-10 and IFN-y (Fig. 2A,B). Plastic nonadherent
PBMC from another healthy donor (donor 2, HLA-A2*) were
used as responders. At 24 h, IL-12 at both 100 and 1000 pg/ml,
that is, and 10 U/ml, had a weak IP-10-inducing and IFN-y-in-
ducing effect. At 72 h after IL-12 stimulation, the induced IFN-
7 concentration was in the range of 50 pg/ml. This is below the
levels required (1.2-2.5 ng) (Fig. 1) to induce IP-10 from
PBMC. In contrast, IL-12 had a dramatic effect on IP-10 in-
duction from these cells at 72 h. This effect was IL-12 con-
centration dependent (Fig. 2B). To address the question of the
ability of similar concentrations of IFN-y and IL-12 to induce
IP-10 from ovarian tumors, the ovarian cell line SKOV3.A2
was treated with 50 U/ml IFN-y and 10 U/ml IL-12. The re-
sults in Figure 2C show that IFN-y + IL-12 induced low lev-
els of IP-10 in SKOV3.A2. The IP-10 levels increased slightly
over a 5-day period but continued to be lower than the levels
of IP-10 induced by IL-12 in lymphocytes (Fig. 2C). It should
also be mentioned that SKOV3.A2 cells proliferated and in-
creased in number over the 5-day culture period. Thus, a part
of the increased levels of IP-10 may be attributed to increased
numbers of IP-10-secreting cells.

LEE ET AL.

CTL epitope E75 (HER-2, 369-377) rapidly induces
IP-10 in the presence of IL-12

To determine if stimulation with tumor Ag, such as HER-2,
induces IP-10, we used as responders plastic nonadherent
PBMC from another HLA-A2* healthy donor (donor 3). These
PBMC were stimulated with E75 pulsed on autologous DC in
the presence or absence of IL-12. The results are shown in Fig-
ure 3. E75 in the presence of IL-12 rapidly induced IFN-y
within 24 h. The IFN-v levels increased during the following
2 days. Again, IL-12 alone showed a weak ability to induce
IFN-y (Fig. 3A,C). At 100 pg/ml IL-12, IFN-y was essentially
undetectable, and the IFN-v levels induced in the presence of
1000 pg/ml IL-12 were only slightly higher. IFN-y was detected
at 72 h and only in the presence of high concentrations of IL-
12. In contrast, the pattern of IP-10 induction by IL-12 alone
was similar to the pattern shown in Figure 2. IP-10 was induced
by E75 in the presence of exogenous IL-12 with significantly
faster kinetics than by IL-12 alone. Induction of IP-10 was also
dependent on the concentration of exogenous IL-12. The level
of IP-10 induced by E75 and IL-12 increased rapidly at 24 h.
This increase was similar in the presence of either 1 or 10 U/ml
IL-12 and was followed by a decline on day 3. The kinetics of
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FIG. 2. (A,B) Time course and concentration-dependent induction of IFN-y and IP-10 by IL-12. (C) Induction of [P-10 by
IFN-y and IL-12 from the ovarian cell line SKOV3.A2; 10° SKOV3.A2 cells were plated and used as responders. [FN-y and IL-
12 were added at initiation of the cultures (day 0) and on days 2 and 4. Supernatants were collected on days 0, 1, 3, and 5.
SKOV3.A2 cells proliferated in these cultures. Thus, their final numbers exceeded 10°.
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FIG. 3. Induction of IFN-y and IP-10 by stimulation of HLA-A2* PBMC with autologous monocyte-derived DC, pulsed with
E75 + IL-12. Results indicate IFN-vy and IP-10 levels/10 responders. IL-12 was used at 10 U/m! (A,B) and 2 U/ml (C,D). E75

was used at 100 pug/ml.

induction by E75 and IL-12 was fast. Afterward, the IP-10 lev-
els slightly declined. IL-12 alone induced IP-10 more slowly
than E75 + IL-12, but after 3 days, the levels of IP-10 were
similar in both stimulation systems. In fact, the entire amount
of IP-10 detected on day 3 could be accounted for by its in-
duction by IL-12 alone. Thus. the tumor peptide and IL-12 in-
duced IP-10 with different kinetics than did IL-12 alone. The
levels of induced IP-10 did not correlate with the levels of en-
dogenous IFN-vy induced by E75 + IL-12, suggesting that in T
cells, IP-10 may be induced by E75 + IL-12 by different mech-
anisms than by IFN-y.

To address the question whether IP-10 is induced by E75 in

CD8* cells, we isolated CD8* cells from donor 2 and deter-
mined their ability to secrete IP-10 in response to E75 in the
presence or absence of IL-12. The results are shown in Figure
4A.B. In the presence of IL-12, E75 induced IP-10 in a con-
centration-dependent fashion (Fig. 4A). Furthermore, E75 in-
duced IP-10 from CD8* cells of donor 2 within 24 h even in
the absence of exogenous IL-12 (Fig. 4B), but the IP-10 levels
were significantly lower than in the presence of IL-12. Similar
results were obtained with PBMC from an HLA-A2* breast
cancer patient stimulated with E75 in the absence of IL-12 (Fig.
4C). Similarly, in this patient, induction of IP-10 by E75 did
not require exogenous IL-12. Of interest, IP-10 production was
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inhibited by anti-B7.1 mAb, suggesting a requirement for both
Ag recognition and costimulation provided by DC in IP-10 in-
duction. [n these experimental conditions, TNF-e at 2 ng/mi
did not enhance IP-10 induction.

To determine the fine specificity of E75 recognition for IP-
10 induction, the experiments were repeated with donor 3. We
used as stimulators E75 and three E75 analogs, F42. F43, and
F45. In the mutated analogs, serine (Ser) at position {P) 5 was
replaced with lysine (K5) in F42, with alanine (AS5) in F43 and
glycine (G5) in F45. Alanine und glycine differ from scrine by
the lack of a4 hydroxyl (HQ) and a hydroxymethylene (CH»-
OH) group, respectively. In contrast, in lysine in 42, the IO
group is substituted by a positively charged amino group. The
results show that both F43 and F45 induced higher levels of IP-
10 than E75 or F42. Thus, in this donor, the HO side chain of
serine is significant for controlling IP-10 induction. as its re-
moval enhanced IP-10 secretion (Fig. SA.B).

To address the effects of a helper HER-2 peptide, G89, on
IP-10 induction by E75, donor 3 PMBC were stimulated with
autologous DC pulsed with E75 or E75 + G89. The results are
shown in Figure 5C. Presentation of G89 significantly increased
the levels of IP-10 produced by donor 3 PBMC, suggesting that

G89 can help in IP-10 induction. In CD8* cells from the same
donor, IP-10 was also induced by E75 (Fig. 5D) but at slightly
lower levels when compared with unseparated lymphocytes. )

Induction of IFN-y and 1P-10 by E75 requires CDA0L
interactions and HLA-A2 recognition

To address the question of the involvement of the surface re-
ceptors on antigen-presenting cells (APC) in IFN-y and IP-10
induction, we investigated the effects of blocking the CN40-
CD40L. interaction, which is the main pathway of IL-12 in-
duction by T cells.2627) Plagtic nonadherent PBMC from donor
2 were stimulated with E75 at high concentrations (100 pg/ml)
pulsed on autologous DC and as contral with autologous DC
that were not puised with peptide. IL-12 was not added 10 the
cultures. The high concentration of E75 was u sed to ensure that
E75 induced IFN-y in the absence of exugenous IL-12 (T.V.
Lee and B.W. Anderson, unpublished abservations). The cul-
tures were treated either with anti-CD40L mAb or with an iso-
type control Ab. The results are shown in Figure 6A,B. The re-
sults show that anti-CD40L inAb added in the induction phasc
inhibited almost completely (99%) IFN-v production during the
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FIG.5. (A,B) Antigen side chain-specific IP-10 induction from HLA-A2* PBMC. The sequences of E75 and its variants, F42.
F43, and F45, are shown in Materials and Methods. All peprides were used at 25 pg/ml. NP, no peptide. (C,D) Helper HER-2
peptide G89 can increase levels of IP-10 induction, indicating the effect on CD4+ cells of IP-10 secretion. In isolated CD§ ™.
E75 induced IP-10 secretion as previously noted. albeit at lower levels when compared with mixed lymphocyte induction. Au-
tologous DC were used as stimulators at a ratio of 1:25 with responders. Results indicatc 1P-10 production/109 cells.

first 24 h. However, anti-CD40L did not inhibit IP-10 induc-
tion by E75 to a similar cxtent. IP-10 was inhibited by anti-
CDA40OL by only 65%. The patterns of inhibition of IFN-y and
IP-10 production by anti-CD40L were divergent. The inhibitory
effects of anti-CD40L on IFN-y secretion diminished during
the next 2 days but increased with regard to IP-10 production
apparently because the 1P-10 level in the absence of anti-CD40L
is decreased. Becausc IFN-y and IP-10 levels were determined
from the same supernatants collected from the same wells of
the same experiment, these results suggest that 1P-10 induction
by Ag in lymphocytes may not be entirely dependent on
IFN-y.

To determine if JP-10 induction requires recognition of tu-
mor peptide in the context of HLA-A2, the experiment was re-
peated in the presence or absence of anti-HLA-A2 mAb, BB7.2.
and of mAb to CD40L and CD40. The results in Figure 6C
show that BB7.2 inhibited 1P-10 production by 60%. indicart-
ing that IP 10 induction required rccognition of an Ag presented
by HLA-A2. Similarly anti-CD40L inhibited IP-10 induction
by only 35%, confinming the results of the previous cxperiment.
Anti-CD40 mAb mediated higher levels of inhibition of IP-10
compared with anti-CD40L mAb. These results demonstrate
that wmor Ag can activate IP-10 secretion in T cells of both
healthy donors and breast cancer patients. This activation is de-
pendent on MHC-] presentation, requires B7-CD28 and CD40-
CD40L. interactions, and it is potentiated by IL-12 and helper

peptides. Thus, CD401. provides an acrivating signal for IP-10
induction; however, this signat appears not 1 be sufficient by
itself to contral IP-10 as it doas IFN-y.

DISCUSSION

We piovide evidence that IP-10 is rapidly induced in the
PBMC of healthy donors and in CD&™ cells on stimulation with
the HER-2 pepride E75. Induction of IP-10 by E75 can be de-
tected 24 h after Ag contact and sometimes as early as 6 h (B.W.
Anderson and T.V. Lee, unpublished observations). The hupli-
cations of these findings are twofold: (1) E75 can rapidly stim-
ulate T cells, specifically CD8™ cells, to induce IP-10, and (2)
iP-10 can be induced by IL-12 within 48 h in the absence of
its exogenous inducer [FN-y and of detectable levels of er-
dogenous [FN-y. Although the second point does not exclude
the possibility that small levels of endogenous IFN-y, ogether
with other cytokines, may synergize with Ag in IP-10) indnc-
tion, our results show that the kevels of cxogenous IFN-y re-
quired to induce IP-10 in the same cells are considerably higher
than the levels of IFN-y detected at stimulation with E75 alone
or together with IL-12. Furthermore, on a molar basis, the
amount of IP-10 induced by E75 + IL-12 was significantly
higher than the amount of IFN-y.

Thus, it appears that tumor Ag, such as E75, can rapidly me-
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Induction of IP-10 requires CD40L-CD40 interactions. and it is restricted by HLA-A2. Anti-CD40 and anti-CD40L

were used at 5 ng/ml. according to the manufacturer’s instructions, and were added to the cultures immediately after addition of
responders. Percent specific inhibition was calculated by dividing the amount of IFN-y or [P-10 secreted by E75 alone minus the

amount of IFN-v or IP-10 secreted by E75 with anti-CD40L b

y the amount of IFN-y or IP-10 secreted by E75 alone. E75 was

used at 100 wg/ml (A,B) and 10 ug/ml (C). A,B versus C, results from different experiments.

diate IP-10 induction. E75 effects were augmented by IL-12,
suggesting a relationship between the ability of the Ag to acti-
vate APC, that is, DC, to induce IL-12 and the reciprocal ef-
fects of Ag + IL-12 in T cell activation. However, the role of
the Ag appears critical in this process, as IP-10 production was
modulated by E75 variants and enhanced by simultaneous stim-
ulation with a helper HER-2 peptide.

To clarify the requirements for IP-10 induction by Ag, we
performed Ab inhibition experiments. IP-10 induction was es-
sentially abolished by blocking B7.1, suggesting a requirement
for CD28 costimulation for IP-10 induction and raising the pos-
sibility that the responders may be naive or resting T cells. A
similar effect was observed with anti-HLA-A2 mAb, indicat-
ing that Ag recognition in the appropriate context is a require-
ment for IP-10 induction. Of interest, although anti-CD40L
completely inhibited IFN-y induction, it was less effective in
inhibiting IP-10 induction by Ag. This was confirmed in sev-
eral independent experiments. Similarly, anti-CD40 at the same
concentration failed to completely inhibit [P-10 production. The
CD40-CD40L pathway is the main induction pathway of IL-12
in monocytes/DC in interaction with T cells.6:27) Similarly,

Ag and IL-12 synergize in IFN-y induction,®® However, IP-
10 tnduction appears not to be exclusively controiled by this
pathway. The reasons for this functional dichotomy are still un-
known. CD40L is induced in T cells by Ag activation, with co-
stimulatory and adhesion molecules providing a stabilizing
role.?” [L-12 also synergizes with Ag in upregulating CD40L
expression on human T cells.®® Stimulation of isolated CD8*
cells with E75 presented on autologous DC induced IL-12 in
DC. These levels were below the IL-12 levels required to co-
stimulate IFN-y in response to E75 (T.V. Lee et al., unpub-
lished observations). Thus, one possibility is that the same low
levels of IL-12 may be sufficient for costimulation of induction
of IP-10 in response to E75, but by themselves they are insuf-
ficient for IFN-y induction. Therefore, activation of chemokine
induction may be more sensitive to Ag stimulation than to cy-
tokine IFN-vy and IL-12 stimulation. Another possibility is that
in lymphocytes, IP-10 induction may not be dependent on IFN-
7 but may involve another signaling pathway. [P-10 may be in-
duced at Ag stimulation by TCR-mediated signals together with
CD28 costimulation, and the CD40L pathway may serve as a
second amplifying signal for IP-10 when IL-12 and IFN-vy are
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present. This may explain why anti-CD40L, although com-
pletely inhibiting IFN-y induction, had a more limited in-
hibitory effect on IP-10 induction.

Transcription of the IP-10 gene in different cell types re-
quires (IFN)-stimulated response element (ISRE) and «B
sites.®! ISRE binding factors that mediate transcriptional ac-
tivation as well as repression have been reported.(!!31-33 The
«B motif has been shown to be an essential cis-acting regula-
tory element for cytokine gene expression in a variety of cell
types.®¥ In fibroblasts, IFN-y and TNF-« synergized in IP-10
induction. The synergy between IFN-y and TNF-a was medi-
ated by independent activation of ISRE and «B binding activ-
ity by each cytokine.®" Thus, the synergy between Ag and
[FN-y/IL-12 may follow a similar pathway in lymphocytes,
with the Ag activating certain kB family members and IFN-
V/IL-12 activating ISRE. Alternatively, TCR stimulation may
upregulate IL-12RB2.%% [L-12RB2, together with the consti-
tutively expressed IL-12RB1, form the high-affinity IL-12R,
which can signal Stat3/4 at low levels of IL-12.>%) Furthermore,
it is possible that IP-10 may be able to activate Stat directly by
signaling through its receptor CXCR3 without requiring Jak as-
sociation, as recently demonstrated for RANTES and
macrophage inflammatory protein-la (MIP-1a).3¥

This may explain why IP-10 can be detected at stimulation
with low concentrations of Ag even in the absence of exoge-
nous IFN-y. Stimulation with Ag may initiate a positive feed-
back mechanism in which Ag plus small amounts of endoge-
nous IL-12 and IP-10 activate Statl:3, leading to induction of
small levels of IFN-y. IFN-v in turn can further amplity IP-10
induction. In fact, the ability of IP-10 to augment IFN-vy se-
cretion in lymphocytes in response to mitogens or environ-
mental Ag has been reported recently.* Thus, IP-10 induc-
tion may be initially mediated/initiated by Ag activation and
may be further amplified by cytokines. In support of this pos-
sibility. it has been reported that stimulation of CD8* cells with
nonspecific activators (PMA + ionomycin) or anti-CD3 in-
duced a wide range of chemokines, such as RANTES, MIP-«,
and IL-8.%%" The amounts of MIP-a and IL-8 secreted by
CD87CD45R0 * cells, which represent activated/memory cells.
were significantly higher than the amounts secreted by CD4 *
cells.*® Similarly, CD8* CTL lines secreted MIP-a. MIP-g.
IL-16. and IP-10 at specific recognition of the proteolipid anti-
gen>!' without requiring exogenous IFN-v. In a different sys-
tem, induction of MIP-& by anti-CD3 required B7-CD28 in-
teractions, although this costimulation could not be substituted
by IL-2.4°7 This suggests that at least for some chemokines.
stimulation through TCR + CD28 may induce chemokine gene
transcription directly and not indirectly as a consequence of ac-
tivation of cytokine gene expression. Indeed, it was shown re-
cently that IP-10 inhibited IL-2-induced proliferation.®®

Although quantitative and qualitative comparisons between
the amounts of chemoattractant cytokines (CC) and CXC
chemokines induced by Ag have not been established, these re-
sults suggest a balance and a possible regulatory role of
chemokines in one group toward the other. CXCR3, the IP-10
and MIG receptor, was found to be expressed at high levels on
ThO and Thi cells but at low levels on Th2 cells. In contrast,
Th2 cells that expressed CCR3 and CCR4 responded to
eotoxin.™™ In support of this possibility, it was shown recently
that CXCR3 also has considerable affinity for CC, particularly
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the CCR3 ligands eotaxin and monocyte chemoattractant pro-
tein-4 (MCP-4). Binding of CC to CXCR3 blocked IP-10-me-
diated receptor activation, suggesting that chemokines of dif-
ferent subfamilies may act as natural antagonists for other
families.®

Thus, the ability of chemokines to activate polarized popu-
lations of T cells and to induce polarization of T cell subsets
may be important in modulating the immune response to gy-
necologic tumors. Stimulation with tumor Ag together with IL-
12 may provide initial sensitization by chemokines for DC re-
cruitment3%4 and initiation of inflammation, and secretion of
non-ELR-CXC chemokines by CD87 cells before IFN-y may
initiate migration of CD4" cell to tumor site and type 1/Thl
polarization.“" Preliminary data in our laboratory show that
IP-10 induction is not directly affected by IL-10. It remains to
be seen how tumor Ag activation mediates induction of
chemokines with agonistic and antagonistic effects toward each
other and how the balance of chemokine response translates
into further cytokine responses that may promote or inhibit tu-
mor growth. The results in this report may be helpful for un-
derstanding the mechanisms of cellular immunity to tumors and
of pathways to induce effective antitumor responses.
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Abstract

Immunization with tumor antigens induce cellular and humoral immune responses.
These responses by T cells are specific for defined eiptopes (determinants) in the molecule of theﬁ .
immunizing tumor Ag. Expension of such responses to self-Ag requires induction of
autoimmunity to tumor. According with systems of autoimmune disease, expression of T cell
autoimmunity is charaterized by diversification of responses from the inducer determinant to
- other responder (cryptic) determinants. Since similar strategies may be useful for therapy of
human cancers, we investigated whether induction of response to a’HER-2 peptide F7 (776-789)
induces enhanced reactivity of other HER-2 peptides. We found that stimulation with F7 can
expand a response to another epitope F13 (884-899) in both on ovarian cancer patient with
progressive disease and a healthy donor which shared HLA-DR11. This response was
characterized mainly by increased IFN-y secretion, and proliferation, but was not observed with
another donor which shared HLA-DR14, and HLA-DQS5 with the patient. Since repeated
vaccination with the same epitope may lead to decline of primary cell reactivity due to apoptosis
spreading of the response to other epitopes in the tumor Ag may provide an approach for

maintaining an inflammatory Th1 response during cancer vaccination.




Introduction

Studies during recent years identified tumor antigens (Ag) that are targets of tumor
reactive CTL (reviewed by Boon and van der Bruggen (1). These Ag are self-proteins, which are
capable to induce both a cellular response (mediated by CD8* or CD4" cells) and/or a humoral
response. Recent experimental findings support the concept that CTL and CD4" cells
recognizing tumor Ag can mediate tumor regression and justify the design and development of
epitope directed cancer vaccines (2,3). For all tumor Ag the major issue that needs to be
resolved is how to generate and optimize an immune response to the tumor. Although both CTL
and helper-T cells have been identified to recognize peptide epitopes from proteins such as HER-
2, gpl00, MART-1, p53, etc. (4) and they could be easily expanded in vitro the disease
progressed in patients suggesting that either the detected response is too weak to control cancer
spread, or the response to tumor is silenced.

Repeated stimulation with the same CTL epitope enhanced anti-tumor CTL expansion
with slow kinetics (5,7). Since the tumor environment is either tolerogenic or suppressive, CTL
induction and expansion depends in many instances on exogenous cytokine help to promote CTL
survival and maintenance of an inflammatory environment. Because of cytokine short half-life
and side effects,‘help for longer intervals can be also provided by CD4" cells when they are
activated by appropriate Ag. However, repeated vaccinations with the same CD4" helper epitope
are accompanied by decline of primary T cell reactivity over time suggesting that reactive T cells
may be eliminated by apoptosis (8). Thus, an alternative approach to repeated ekogenous
cytokine administration and repeated CD4" epitope application is to amplify the Th1 response by
spreading (9,10) it to other epitopes which are endowed with Thl cytokine secreting ability.

Intramolecular epitope spreading under these circumstances should be more beneficial for an




antitumor response than intermolecular spreading because it activates responders to the tumor Ag
of interest than to irrelevant Ag which may not be present at that time. This approach requires
first identification of both the inducer and the amplified epitope. To address tﬁe;e_questions we
rationalized that if in a cancer patient responses to a number of HER-2 epitopes are detectable at
primary stimulation during the disease-free period this will indicate an in vivo priming event by
an epitope from HER-2 which is presented by APC. The decline in the responses to some
epitopes during disease progression may point out to epitopes, which are no longer presented, as
well as to tolerization of the existent responders. Analysis of thé ability of these epitopes to
induce diversification of responses to other epitopes with concomitant enhancement of Type 1
cytokine secretion, may define a stimulation sequence for induction of an inflammatory
autoreactive response. We found that priming of PBMC from an ovarian cancer patient with the
HER-2 peptide F7(776-789) induced diversification of this response to the HER-2 epitope F13
(884-899). The response to F7 in this patient was gradually lost during the stable disease period,
while the response to F13 which was present during the same period was lost when the disease »
progressed. Analysis of specificity and restriction of this response in MHC-II matched donors
indicated that this response was associated with HLA-DR11. These results support the
hypothesis that ifltrmnolecular determinant spreading can be induced by HER-2 peptides and can
lead to induction of autoimmunity to cancer antigens. The identified pattern of spreading can

provide a basis for epitope selection for cancer vaccines development.




Materials and Methods

PBMC. Peripheral blood was collected from two healthy donors designated as donor 1
(HLA-A2, 23, B7.43, DR7, 11, DQ2.6), donor 2 (HLA-AL11, 68, B51, 67, DR13, 14, DQ5, 6)
and from an ovarian cancer patient, designated as patient 1 (HLA-A24,, 28, B35, W6, 70, CW3,
4, DR11, 14, DQ5). The HLA-typing for the healthy donors was performed in the Blood Bank
of the M. D. Anderson Cancer Center, while the typing of the patient was performed using
molecular methods. Peripheral blood mononuclear cells (PBMC) were separated by Ficoll-
~ Hypaque and used for stimulation immediately after separation. ~ *

Antigens. The eight HER-2 peptides constructed by the Synthetic Antigen Labqrat_ory of
M. D. Anderson Cancer Center derived from the aminoacid sequence of the human HER-2.
‘These peptides have been previously selected based on the computer program ANT.FIND.M.
which was used for the prediction of candidate T cell epitopes on HER-2 protein (11). The
sequences of peptides used in this study are as follows: D122(396-406): QLQVFETLEET, F12
(449-465) GISWLGLRSRELGSGL; G88 (450-463); ISWLGLRSRELGS; F7 (776-789)
GSYVSRLLGICL; G89 (777-790); SPYVSRLLGICL; F13 (884-899) VPIKWMALESILRRRF;
G90 (886-898); IKWMALESILRRR and F14 (474-487): TVPWDQ LFR NPHQA. The
residues that are"potential HLA-DRI11 anchors are underlined. Because of the ability of peptides
to bind on alternative registers, as well as of mutations in the MHC-class II binding pocket,
motifs that predict specific binding to MHC-class II are not yet well defined. Most of these
HER-2 peptides contain a minimum of two of the three major anchors reported for the major
HLA-DR types (i.e. HLA-DR4, -DR1, -DRI1). A larger panel of HER-2 peptides was
previously tested for the ability to induce proliferation of PBMC from randomly selected healthy

donors and ovarian cancer patients (12). Results of our previous study indicated that F7 and F13




induced proliferative responses of PBMC of healthy donors (57% and 62%, respectively) and
cancer patients (24 and 21%, respectively) with higher frequency than the other HER-2 peptides
tested. In contrast F12 was less frequently recognized (2_1% in healthy donors and 4% in cancer
patients) (12). F7, and mainly his analog G89 (777-790) induced proliferation of PBMC from a
large number of HLA-DR4+ breast cancer patients (20). The HER-2 intracellular (ICD) and
extracellular domains (ECD) were gifts from Dr. Kenneth Grabstein, Corixa Corporation and
were prepared as described (13).

T Cell Proliferation Assays. For characterization of T cell responses to HER-2
peptides, PBMC were plated into 24 well plates at a final concentration of 2 X 10%ml in
complete RPMI medium supplemented with 5% human AB serum (12,13). Each peptide was

added at a final concentration of 20 pg/ml. Five and six days later, equal volumes of cells were

plated in tetraplicate in a 96 well plate, incubated with 1 uCi of tritiated thymidine (3H-Tdr)
(Amersham) and counted as previously described (12,13). Results are expressed as stimulation
index (S.I.) representing the ratio between the mean c.p.m. of the cultures stimulated with
peptide, and the mean c.p.m. of the cultures that have not been stimulated with peptide (N.P.).
For in vitro expa}r}sion of T cell cultures, six days after the primary stimulation, IL-2 (Cetus) was
added in each culture at a final concentration of 20 Cetus U/ml for four — five additional days.
Afterwards, over the next five days, IL-2 was gradually removed from these cultures. For the
last 48 h before restimulation, the lymphocytes were rested by being cultured in the absence of
exogenous IL-2. Restimulated experiments were performed in same way as primary stimulation
with the difference that APC were X-Ray irradiated (10,000 Rads) autologous PBMC.

Cytokine Assays. The ability of PBMC to release cytokines in respdnse to Ag

stimulation was determined by culturing PBMC either as unstimulated (NP) or stimulated with




the corresponding peptides. Supernatants were collected after 48 h and stored frozen at —20°C
until assayed for cytokine levels. IFN-y, IL-4 and IL-10 were measured by double sandwich
ELISA using the corresponding kits providedAb;I Biosource Iﬁtémational (Camariyo, CA). The

assays were calibrated with human recombinant IFN-y, IL-4 and IL-10 to detect each cytokine in

the range of 10-10,000 pg/ml.



Results

Stimulation of PBMC from an Ovarian Cancer Patient with HER-2 Peptide F7
Induced Intramolecular Spreadix;g of Response to HER-2 Peptide F13. The responses of
patient 1 to HER-2 beptides were tested five times over a period of twenty-one months. Initially,
when the disease in this patient was stable, its PBMC responded to F7, borderline to F13 and
F14, but not to HER-2 peptides D122 and F12. Thus, the responses of this patient to F7, F13,
and F14 were considered specific. During the following 16 months of stable disease the
responses to F7 and F14 gradually declined, but the patient maintained a borderline response to
F13. The proliferative response to F13 declined when the disease progressed (Figure 1). This

could be interpreted as selective tolerization or deletion by apoptosis of cells responding to F7,

' F14 and F13. Alternatively, it was possible that F7 and F14 were no longer presented by APC,

while F13 continued to be presented during the period when the disease was stable. }-;-

previous report (12) we showed that during the stable disease period, F13-primed cultures: (a)

B —

res;)ondec*itoFl'ZTvani {).etter proliferation than F7-primed cultures to F7; (b) showed a weak
proliferative response to F7. The ratio IFN-y/IL-10 secreted from F13-primed cultures in
response to polyclonal activators OKT3+TPA was higher than from F7-primed cultures. This
suggested that either these epitopes were cross-reactive, or priming with F13 enhanced the ability
of F7-reactive cells to respond to F7 (12). This also suggested that the in vivo and in vitro
priming response to F7 was insufficient, in either quantitative or qualitative terms, to mediate
polarization of the environment for a Thl response. F7-reactive cells either secreted low levels
of IFN-y and high levels of IL-10, or higher levels of IFN-y than IL-10 but because their numbers

were smaller than of the responders to F13, the amount of IFN-y was not sufficient to inhibit the

high background of Th2 cytokines (12). l




The fact that at the time of disease progression responses to both F7 and F13 were no
longer detected raised the possibility to address the ability of F7 and F13 to reverse the tolerant
(nonresponsive) state to each other, and to establish whether they can serve as inducer and
amplifying epitope, respectively.

PBMC collected at 21 months and stimulated with F 7, F13, F12 and control NP showed
insignificant proliferative responses. These peptides induced low levels of IFN-y at priming (NP
=37,F7 =72, F12 (negative control) = 42, and F13 = 68 pg/ml), but the IL-10 levels were high
in all cultures (>250 pg/ml). To address whether responses to F7 and F13 were enhanced at
reactivation, the cultures primed with F7 and F13, were restimulated with F7 and F13 using no
peptide (NP) as control. The results in Figure 2A show tﬁat F13-primed cells responded to F7
and F13, while F7-primed cells responded only to F13 with S.I. < 2.0, but with significantly
higher cpm compared with control (NP) stimulated cultures. This small increase in proliferative
responses in F7F7 compared with F7 NP was considered not significant. This suggested that
although F7 and F13 reactive cells were present, their numbers were too small to show a
significant increase in proliferation levels.

In contrast, analysis of IFN-y and IL-4 levels showed that F7-primed cultures increased
their IFN-y response by two-fold at restimulation and responded to F7 with slightly higher levels
of IFN-y than td F13. F13-primed cultures also responded to F7 with slightly higher levels of

IFN-y than to F13. The IL-4 levels decreased in response to both F7 and F13 compared with F7

and F13 primed cultures, which were stimulated with APC only (NP). The IFN-y/IL-4 ratios
were similar in both cultures. The most dramatic effect of peptide restimulation was observed
with regard IL-10 induction. The IL-10 levels in control cultures, not stimulated with peptide at

both priming and restimulation, (NPNP) were high (234 pg/ml). Priming with F7 and F13




slightly decreased IL-10 levels to 190-200 pg/ml. Restimulation with F7 and F13 decreased IL-
10 levels even further by 30-40% (Figure 2A and 2B). These results suggested that F7-primed
and F13-primed cells from this patient enhanced their response at restimulation with the same
peptides since they modulated their cytokine response but the numbers of specific responders
were too low to detect significant changes in proliferation. The IFN-y/IL-10 ratios indicated that
at restimulation F7 induced a stronger Th-1 cytokine response than F13.

‘Since stimulation with F7 appeared to enhance the [FN-y response to F13 we investigated
whether these peptides induced spreading of response to each other! To address whether there is
reciprocal spread of F7 and F13 proliferative responses, each of the F7 primed and F7
restimulated cultures, designated F7F7) and of F13 primed and F13 restimulated cultures
(designated F13F13) were restimulated with F7 and F13. F7F7 stimulated cells showed
significant proliferation in response to both F7 and F13 (Figure 3A). This expansion of the
proliferative response was accompanied by a 2-3 fold increase in the IFN-y levels (Figure 3B).
In contrast, F13F13 stimulated cells showed a weaker increase in proliferative responses to either
F70orF13. S.I.>2.0 of proliferative responses was not observed in F13 F13, cells stimulated by
F7 and F13 but the cpm levels were still significantly higher than of F13F13 NP cultures (Figure
3CU

The IFN-y response paralleled the proliferative responses. The IFN-y response to F7 of
both F7F7 and F13F13 cells was higher than the response to F13. In addition, the IFN-y/IL-4
ratio in F7F7F13 stimulated cultures (Figure 3B) was almost double the IFN-y/IL-4 ratio in
F13F13F13 (Figure 3D) stimulated cultures. These results suggested that F7 had a stronger Th1
inducing effect than F13 in this system. These results indicated that priming and restimulation

with F7 (F7F7) expanded a response to F13, but priming with F13 (F13F13) was less effective in
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expanding the response to F7. The requirement for F7 for induction of spreading of the response
was confirmed by the fact that F13 primed cultures restimulated with F7, i.e. (F13—F7), the S.I.
at the third stimulation were significantly higher than 2.0 in response to F7 (F13F7F7=4.45)

compared with control (F13F7NP=0.85) but were not higher in response to F13
(F13F7F13=1.42).

Spreading of Thl responses by F7 and F13 in healthy donors. The results from stimulation
with F7 and F13 in this patient indicated that F7 induced a Thl respbnse and increased the ability
of F13 reactive cells to respond to F13. Since this patient expressed HLA-DR11 and HLA-
DR14, this raised the question of the association of the response with one MHC-II product or
both. HLA-DR11 (DRB1" 1101)is a split of DRS, while HLA-DR14 (DRB1* 1401) is a split of
HLA-DR6. Thus, these class II antigens belong to distinct genetic and serologic groupé
Anchors for both major HLA-DR types are present in both peptides. Since additional amounts of
blood could not be obtained from this patient, because its disease progressed, the specificity
analysis was performed using T cells from two partially HLA-DR matched healthy donors.
rI;mor 1 shared only DR11 with patient 1 while donor 2 shared DR14 and DQ5 but not DR11
with patient 1. ‘ATherefore if responses will be found in donor .1, but not in donor 2 this will
suggest that these peptide induce determinant spreading in association with DR7, 11 and DQ6.
Since DRI1 is expressed by the ovarian cancer patient this will confirm DR11, without
excluding DR7 and DQ2. Alternatively, if responses will be found in donor 2, this will point out
to HLA-DR14 as presenting molecule without excluding others. I This analysis also aimed to

address whether, (a) T cells from healthy donors respond with a similar or a different pattern of
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cytokines to F7 and F13 and, (b) F7 can induce determinant spreading in healthy donors in vitro
or spreading required prior in vivo priming with the tumor Ag during disease.

To address these questions PBMC from donor A (DR11%) were primed with control (NP)
as well as with F7, F12 and F13. Positive responses of PBMC to priming with these peptides

were borderline only for F13 (NP=816 + 29 cpm; F7 =779 £ 54 cpm, F12 = 893 + 61 cpm, F13

= 1327 £ 97 cpm, F14 = 1007 + 59 cpm. This S.I. indexes ranged between 0.97 (F7) and 1.63 .
(F13). Only the cpm values of F13 and F14 were significantly higher than of control NP but the
overall values were low. IFN-y was detected only in response to F13 and its levels were 70
pg/ml (data not shown). Each peptide primed culture was restimulated with NP, F7, and using
F12 as a control. The results in Figure 4A and 4C show that F7-primed cells responded to both

F7 and F13, but with higher proliferation to F13 (S.I. > 4.5) than to F7 (S.I>2.5). These
responses were mediated by CD4" cells based on inhibition by anti-CD4 and anti-HLA-DR mAb
(L243), but not by anti-CD8 (Table 1). In parallel, F13-primed cells also responded to F7 and
F13 but with higher proliferation to F13 (Fig. 4C). Although the proliferative responses of both

F7 and F13 primed cells to restimulation with F13 were higher than to restimulation with F7,
their IFN-y response to F7 was higher than the response to F13. These results confirmed that F7
can induce determinant spreading as detected in patient 1. In this healthy donor, F13 could also
induce determinant spreading. The specificity of this response for F7 and F13 is illustrated by
the fact that proliferative responses to F12 were not observed while the increase in IFN-y was
minimal. Also, priming with F12 did not diversify the response to F7 and F13 (not shown). Th; m\\
patterns of IFN-y and IL-4 secretion in response to F7 and F13 were similar in both F7 and F13

primed cultures. The main distinction between these cultures was that the overall levels of [FN-y

were lower in F7F7-stimulated cultures, than in F13F7-stimulated cultures. The levels of II-4 in
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response to F7F7 were borderline (10-20 pg/ml), which is within the low levels of sensitivity of
the method (Fig. 4B). The levels of IL-4 in response to F13 F13 stimulation were higher than in
response to F7 F13 (Fig. 4D vs 4B). Consequently, at similar [FN-y levels, the [FN-y/IL-4 ratios
were almost two times higher in the cultures primed with F7 than in the cultures primed with
F13. It should be mentioned that because the IL-4 levels in response to F7F7 and F13F7 were
low and at the lower levels of sensitivity of the ELISA method (20-50 pg/ml) the differences in
the IFN-y/IL-4 ratios between these two groups may not accurately reflect higher Thl activity in
the F7F7 group compared with F13F7 gzt_lﬂln contrast with pafient 1, the levels of IL-10 in

both F7-primed cultures and in F13-primed cultures, were borderline (<10 pg/ml) regardless of

the peptide used for restimulation.

To address whether the lower S.I. for F7—F7 and F13—F7 stimulated cells were due to
the lower numbers of F7-reacting precursors than F13-reacting cells, the corresponding cultures
were restimulated with F7 and F13. At the third stimulation, S.I. for F7F7 stimulated cells was
higher than S.I. for F13F13 F13 stimulated cells, but the highest increase was observed where
F7F7 cultures were stimulated with F13: F13—F13—F13 (S.1.=4.6) F7->F7—F7 (S.I. = 5.5)
compared with .1_37—>F7—>F13 (S.1=19.8). F7->F7—>FI13 cells secreted higher levels of IFN-y
than F7—->F7—F7 cells (900 pg/ml, compared with 480 pg/ml). Thus, the shift from F7 to F13 at
the third stimulation allowed both high proliferation and IFN-y production by F13 responding

cells. It should be mentioned that both F7-stimulated and F13 stimulated cells recognized HER-

2 ICD protein (data not shown).

The priming and restimulation experiments were repeated with donor 2 (which shared
DR14 and DQS with patient 1) and expressed DR13 and DQ6. F7, F12, and F13 could neither

induce proliferation at priming nor spreading of responses at restimulation in donor 2 (Figure
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5A-5D). The levels of IFN-y at restimulation with F7 were also low compared with donor 1 or
patient A. Since responses were not found at restimulation this suggested that F7, F13 (as well
as F12) are not presented in association wirfthRIB, DR14 and DQS5 and DQ6. These results
indicated that induction of inflammatory response to HER-2 peptides F7 and F13 was associated

with HLA-DR11 as shared antigen between patient and donor PBMC although DR.7 and DQ6

cannot be excluded.
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Discussion

In this study we identified a HER-2 epitope which initiated determinant spreading and
inflammatory cytokine response in a healthy donor and an ovarian cancer patient which shared
HLA-DRl 1. This response appeared to be restricted by HLA-DR11 since two other healthy
donors which were HLA-DR14 + and did not share HLA-DR11 with the patient either failed to
respond at stimulation with these peptides, (Donor 3) or developed only a weak response.
(Donor 2) characterized by weak IFN-y induction and proliferation. The pattern of spreading of
responses differed between the patient and HLA-DR11 matched heaithy donor. In the patient, of
the two candidate Thl peptides (F7 and F13) only F7 induced the spreading 6f response to F13,

while in the healthy donor both F7 and F13 induced response spreading to each other.
Furthermore, in the ovarian cancer patient studied, the increase in IFN-y production, and the
concomitant decrease in IL-10 pfeceded the detected expansion of the proliferative response. In
contrast, in the healthy donor, the levels of IL-10 were low and the increase in IFN-y secretion
paralleled the increase in proliferative response.

The spreading of the proliferative and cytokine response from F7 to F13 in the patient

appeared to be mediated at least in part by the ability of F7 to modulate the cytokine profiles of
the responders. The IFN-y/IL-10 ratios at restimulation of F7 and F13-primed cells F7—>F7,
F7—>F13, F13—5F13, F13—5F7 were 1.73, 1.33, 0.89 and 1.4 respectively. This suggested that
F7 priming and restimulation modulated the response towards Thl more than F13. In contrast,
in the healthy donor, not only the levels of IFN-y were high at restimulation, but the levels of IL-
10 were borderline, thus facilitating the ability F13 to condition the F7-responders or the for a
higher IFN-y response to F7. It should be noted that in the healthy donor, induction of

inflammatory and proliferative responses to F7 and F13 required only two stimulations, while in
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the patient three stimulations were required to obtain the same effect. The background levels of
IL-10 were several folds higher in the cancer patient than in the healthy donor, raising the
possibility that IL-10 may have downregulated the proliferative responses to F7 and F13.

The reasons for the differences between F7 and F13 in inducing proliferation and IFN-y
are unclear. One possibility to be considered is that the frequency of F7-responding cells in both
the donor and the patient is significantly lower than the frequency of F13-reponsive cells. In this
case the increase in proliferation by F7 as measured by the thymidine incorporation will not be
detected when the numbers of responders are low, but will be détected after they reached a
significant percentage of the cells in culture. This possibility is supported by: (a) the fact that F7
responding cells proliferated better at the third stimulation in both healthy donors and patient
compared with F13-responding cells and; (b) F7-primed cells responded with higher IFN-y levels
than F13-primed cells. This suggested that F7-responders recognized F7 with higher affinity
than F13-responders since they secreted higher levels of IFN-y.

The demonstration that HER-2 peptides can induce intramolecular spreading of
inflammatory responses is of interest for cancer vaccine development. Introduction in vaccines
of helper epitop§§ such as F7 can reactivate the F7-reactive cells to secrete IFN-y, and enhance
the ability of F13-reactive cells to respond. Furthermore, if the response to F7 is low and/or F7-
responders are tolerized, another Th1 epitope can be used as priming, followed by F7 and F13 at
the next round of vaccination. Likély candidates for this function are the Thl epitope from
influenza associated with HLA-DR4 (14) and the helper epitope PADRE, developed by Sette and
collaborators (15). The use of defined epitopes from the same protein or of genes encoding
defined epitopes should avoid induction of Th2 responses by other epitopes which may be

presented simultaneously at competition with F7 and F13. Furthermore, the successive

16




application of Thl epitopes in a vaccination protocol should avoid induction of apoptosis in
responders by the repeated stimulation with the priming epitope. In support of this possibility
Disis and collaborators recently reported that vaccination with HER-2 peptides induce both intra-
and intermolecular spreading of responses in terms of proliferation.

The results also points to the fact that peptide vaccination should be more effective than
whole protein in inducing type 1 response spreading, for several reasons: (a) Since the
presentation of HER-2 epitope is still an unknown, vaccination with e.g. F7 followed by F13
should focus the response to Thl epitopes and avoid presentation of HER-2 epitopes which may
induce this Th2 response; (b) sequential peptide application may allow to control spread and
terminate the response when side effects are observed; (c) The use of peptides or of the genes
encoding these peptides allows to lower the amounts of Ag, or of the viral vector used for
vaccination. Since on a molar basis, 100 fold more HER-2 protein is needed to reach the same
concentration as F7/F13, this may assist therapies using non-replicating viruses where the
amount of Ag is limited.

The relationship between disease progression and decrease in responses to F7 and
F13 deserves further investigation. The gradual decrease in responses to F7 during the stable
disease period rﬁlay suggest that F7 is less presented over time, while F13 continued to be
presented. The decrease in response to F13 may indicate either that F13 is no longer presented
by APC to stimulate and maintain the pool of F13 responders, or that suppression of F13
responding cells by Th2 cytokines secreted by the tumor, inhibited their ability to respond to
F13. It is possible that F7 responding cells in this patient had a critical role in conditioning the
environment or the APC for a Thl response and were needed to sustain the ability of F13-

specific cells to respond. In support of this possibility Steinman and collaborators postulated that
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a small number of autoreactive cells in an infiltrate can control the responses of other cells to
self-Ag (17). Determinant spreading has been described as an essential component of the
progressive course of autoimmune disease (16,22). Broadening of the response to additional
determinants to the primary epitope, led to more advanced autoimmune disease because of the
diversified autoreactive pool of T cells. The fact that stimulation with HER-2 peptides can
induce determinant spreading and Thl responses may have important implications for
development tumor immunity and of cancer vaccines development. While in autoimmune
diseases characterized by type 1 response prevention of spreading is’a main objective for therapy
(19), in cancer, induction of spreading of a type 1 response, may be desired to induce a response
against tumors. Identification of inducer and amplifying epitopes and may be of interest and for

other tumor Ag recognized by CD4+ cells (20-23) provide a modality to control the expansion of

a therapeutic response.
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Figure Legends

Figure 1. Diagram of plotting proliferative responses over time of PBMC from patient 1,
stimulated with each of the HER-2 peptides. S.I. were calculated by comparing the cpm
proliferation in each independently performed experiment as described in Materials and
Methods. SD indicates stable diseése, P.D. indicates progressive disease. The average cpm for

the experiments performed on months 0 and 19 were: Month 0: NP=595+59; F7=2050+101 ‘

———

R
F13=1498+71; D122=560+64; F14=1004+79; F7, F13 and Fl4-iriduced cpm all significantly
— —
higher than control no peptide (NP) stimulated (595+59). Month 6: NP=744+43; F7=943+83;

F13=1664+119; F14=623+58. F13-induced cpm were significantly higher than NP and F7

T T

induced cpm * = (p<0.05). The cpm values for the experiments performed on months 5 and 19

were in the same range as in the months 0 and 16,

Figure 2. Proliferative and cytokine responses of F7-primed and F13-primed PBMC from
patient 1, collected on month 21 to F7 and F13. (A) F7 primed; (B) F13 primed cells. 4 x 10*
PBMC primed vyith F7 or F13 were restimulated with 10° autologous indicated PBMC. The
concentration of exogenous pulsed peptide was 20 pg/ml. The experiment was performed in
triplicate. (B) Cpm from restimulation of F 7-primed cells with F13, of F13-primed cells with
F13, and F7 are significantly higher (* = (p<0.05) from cpm stimulation for NP, but stimulation
indexes are <‘ 2.0 ie. F7NP=1631196; F7F7=2194%+187; F7F13=2936+140, and

R

F13NP=1056+70; F13F7=1754+129; F13F 13=1740£99. Numbers above open columns indicate

IFN-y/IL-4 ratios.

— —— ——————
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Figure 3A, B, C, D. Proliferative (A,C) and cytokine (B,D) responses of PBMC from patient 1
at third stimulation with F7 and F13. F7-F7 and F13-F13 indicates that responders were

stimulated twice with F7 and F13. Cpm and S.I. for F7-and F13-stimulated, F13F13 cultures
.\.—.

were significantly higher from cpm for NP-stimulated F13F13 cultures: F13F13 NP=1427 + 59,

[

—

F13F13F7=2995 + 112 (S.1.=2.1) F13F13F13=2553 % 61 (S.1.=1.80) (* = p<0.05). Experimental

conditions as described in Fig. 2.

Figure 4A, C, D. Proliferative (A,C) and cytokine (B,D) respoﬁses of PBMC from healthy
donor 1 at restimulation with F7 and F13. F12 was used as a negative control peptide.

Experimental conditions are as described in Figure 2.

Figure 5A, B. Proliferative (A) and cytokine responses (B) of PBMC from donor 2 at
restimulation with F7 and F13. S.I. and IFN-y levels induced by F7, F12 and F13 are not
significantly different from values obtained with NP. One of the two independently performed

experiments with similar results from donor is shown. Experimental conditions as described in

Fig. 2.
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Table I.

MHC-recognition by F7F7 stimulated cells

MAb F7-stimulated cells Peptide/S.1. % Inhibition
(cpm) - -

- 2019 £ 60 -/1.0 0

- 5242 +57 F7/2.6 0
aCD3 2472 £ 82 F7/1.22 87
aCD4 3007 £ 125 F7/1.49 70
oCD8 4990 118 F7/2.47 | 7
aMHC-I(W6/32) 4462 +97 F7/2.21 24
aMHC-II (L243) 283675 F7/1.40 75

Donor 1 PBMC were primed with F7 for 5 days, followed by expansion in low concentration

(20-40 IU/ml) of IL-2 for the following two weeks. Afterwards, the cells were rested for two

days by removing IL-2. F7 primed T-cells from this donor were stimulated with F7 pulsed af 20

ug/ml on 10° autologous irradiated (10,000 rad) autologous PBMC. 20,000 responders were

added in each well in the presence and absence of the indicated monoclonal antibodies. The

experiment was performed in tetraplicate. *H-Tdr was added on day 4, for the last 16 h of

incubation. % inhibition was calculated by subtracting the cpm values for each mAb treated

cultures and dividing the resulting cpm by the cpm values of the positive control (cultures

stimulated with F7) minus the negative control cpm values.
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Please find attached an abstract for the Society of Surgical
Oncology. We would greatly appreciate any comments or
suggestions by Wed am Aug 30th.

AXILLARY LYMPH NODE (LN) CELLULAR IMMUNE
RESPONSE TO HER-2/NEU PEPTIDES IN PATIENTS
WITH CARCINOMA OF THE BREAST
H. Kuerer*, G. Peoples, A. Sahin, J. Murray, E. Singletary, A. Castilleja, K.
Hunt, D. Gershenson, and C. Ioannides. University of Texas M. D. Anderson
cancer Center, Houston, TX

The HER-2 peptide G89 (777-789) was recently shown to induce a
proliferative response by peripheral CD4+ T cells in breast cancer patients.
To investigate potential differences in the local cellular immune response in
breast cancer patients with (Mets+) and without (Mets -) axillary LN
metastases, lymphocytes were isolated from axillary LNs from patients with
breast cancer and proliferative and cytokine response to G89 were
determined.
METHODS: Freshly isolated lymphocytes from LNs of seven women with
invasive breast cancer were plated at 2.5 x 105 cells/well in triplicate. Four
women were treated preoperatively with adriamycin-based chemotherapy.
Cells were stimulated with 15 uM G89 and G90 (886-898, control HER-2
peptide) and other control antigens. [3H] thymidine incorporation was
determined 4 days later. Cytokines (Ifn-, IL-4) levels were determined at
priming or at restimulation with G89 and G90 using cytokine specific double
sandwitch-ELISA kits (BioSource Int, CA) with a sensitivity of 10 pg/ml.
Differences between groups were compared using the Student t-test.
RESULTS: Three of six Mets(+) LNs showed a 3-4 fold higher
proliferative response to G89 compared with unstimulated cells from the
same LN (P < 0.05). Three of four Mets(-) LNs also responded to G89
indicating the presence of prior G89 sensitized and non-tolerized T cells. In
one patient where there was no proliferation with G89, the ratio of Ifn- to
IL-4 levels in response to G89 was > 5 compared with G90 which yielded a
ratio of < 0.5. In two patients where Mets(+) and Mets(-) LNs were
analyzed in parallel, the Ifn- to IL-4 ratio was 3-4 fold lower in Mets(+) LNs
compared with Mets(-) LNs. Mets(+) LNs from two of the four patients who
had preoperative chemotherapy responded to G89 by proliferation.
CONCLUSIONS: These results indicate that HER-2 peptide G89 can
activate LN T cells from women with invasive breast cancer. This activation
is associated with a predominately TH1 cytokine response and therefore
suggests that conditioning with G89 may be of value in breast cancer vaccine




development.
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Abstract. We investigated the ability of HER-2 peptide E75,
which maps an immunodominant CTL epitope for ovarian
and breast tumor-associated lymphocytes (TAL), to activate
effector functions in freshly isolated CD8* cells from healthy
individuals. IFN-y was rapidly induced by E75 within 20-24 h,
in five of six healthy donors, in the presence of IL-12 and
was detectable as early as 6 h. The IFN-y levels were Ag-
concentration dependent. Similar results were obtained with
peptides mapping CTL epitopes from two other tumor Ag:
folate binding protein (FBP) and amino-enhancer of split of
Notch (AES). IFN-y was also detected, from freshly isolated,
unstimulated PBMC in response to HLLA-A2 matched tumors +
IL-12 but not of IL-12 alone. The major source of IFN-y were
CD45RO* CD8* cells. Induction of IFN-y and IL-2 from
CD8* cells and of IL-12 from dendritic cells (DC) by CDg&*
cells reactive with E75 mirrored their induction by the influenza
matrix peptide (M1: 58-60) in the same individual. Responses
to M1 are used to define the presence of activated memory
cells in healthy individuals. Compared to M1 responses E75
recognition induced 2-4-fold lower levels of IL-12 from the
same APC and IFN-y and IL-2 from the same CD8* cells. At
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scrum; NP, no peptide; AES, aminoenhancer of split; FBP, folate
binding protcin
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lower Ag concentrations the endogenous IL-12 induced by
E75-reactive CD8* cells did not reach the threshold required
to co-stimulate for IFN-y. aB7.1 synergized with E75 in
increasing the overall levels of IL-2 induced within 24 h. The
presence of tumor Ag-reactive activated CD8* cells in
healthy individuals may improve our understanding of the
mechanisms of immunosurveillance and regulation of
immune responses by tumors.

Introduction

The recent characterization of tumor Ag recognized by CTL
opened the possibility of development of Ag and epitope-
specific cancer vaccines. Tumor Ag recognized by melanoma,
ovarian, and breast CTL have been demonstrated to be self-
proteins (1). The fact that in cancer patients, CTL-specific for
these self peptides co-exist with progressive tumors, suggest
that such responses can be primed in vivo, but either CTL do
not expand to the numbers required to mediate an effective
response, or they expand but they are not functional in their
state in vivo. This raise the question whether tumor occurrence
induced an inefficient CTL response, or subsequent to tumor
progression, tumor or host derived factors suppressed a
protective pre-existent CTL response, established during the
life of the patient. An alternative possibility is that tumor
progression coincided with exhaustion of the protective CTL
response.

The information regarding the presence and functionality
of activated effector and memory tumor Ag reactive CD8*
cells in healthy individuals is limited. The fact that detection
of ex vivo activated cytolytic effctors require repeated
stimulation with Ag, mitogens and cytokines, did not allow
to assess the functional phenotype of these cells (2,3)
However, in one extensive study, specific cytolysis against
MART-1 (27-35) was detected significantly earlier in
melanoma patients than in health donors indicating a lower
level of sensitization of healthy individuals by tumor Ag than
of cancer patients (4). This also suggested that either
different tolerance mechanisms are operative in maintaining
the unresponsive state in healthy donors compared with
cancer patients or these cells, in healthy individuals, are
hyporesponsive to Ag in terms of cytolytic activity and
possibly proliferation compared with cancer patients.
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The possibility that these cells are hyporesponsive to Ag
suggests that some tumor Ag may be partial or weak agonists
for activation of a specific functions. If this is the case, in the
presence of high Ag levels originated from tumor cells, these
cells may expand, while in healthy donors the low endogenous
Ag levels may be unable to expand these cells. However, the
low Ag levels may activate effector functions different from
cytolysis. Since vaccination strategies aim to induce long
lived memory against tumors, the presence of activated
effectors in healthy donors may be significant for
understanding tumor immunosurveillance and its relevance
to protective tumor immunity (5).

To address the presence of activated effectors in the
absence of disease, and establish the ability of tumor Ag to
activate the effector functions of CD8* cells, we investigated
the ability of peptide E75, HER-2 (369-377) (6), to stimulate
cytokine induction within less than 24 h in freshly isolated,
peripheral blood CD8* cells from healthy individuals, when
pulsed on CD13* CD14- DC (DC-E75). E75 is not only
recognized by in vivo generated ovarian CTL-TAL, but in
vitro E75 restimulated, ex vivo primed T-cells from cancer
patients mediate specific tumor lysis (7,8). We used as
antigen presenting cells (APC) autologous CD14* derived
dendritic cells (DC) because of their reported higher
presenting ability than other APC.

Since the frequency of CD8* cells bearing TCR capable
of recognizing tumor Ag may be low and primary stimulation
of PBMC with most tumor Ag, including HER-2 is
inefficient in induction of detectable specific cytolytic
effectors we focused our analysis on cytokine induction by
peptides corresponding to CTL epitopes from HER-2 (6-9)
and the newly identified tumor Ag: folate-binding protein
(FBP) and amino-enhancer of split (AES) in PBMC from
healthy donors (10,11). This analysis can detect response
patterns to Ag, the presence of activated memory effectors
(12), the ability of the tumor peptide to induce a type 1
(inflammatory response), and the requirements for co-
stimulation for amplification of this response. The advantage
of this model system is that the effects of defined tumor Ag
on activation of peripheral T-cells from healthy donors are
not perturbed, or polarized by prior in vitro culture with Ag +
cytokines. This also adds a component of physiologic
relevance to the activation pathways investigated since Ag +
cytokine induced activation may be critical to the patient's
response to tumors.

We rationalized that the patterns of response to Ag should
be indicative of the nature of responders in the population as
follows: If the Ag targets naive cells, they will respond if
costimulatory receptors are present on APC and bind to their
appropriate ligands. An effector response by cytokines will
be observed after progression through the cell cycle and 2-4
divisions (i.e., 30-40 h) (13). This response will be inhibited
by antibodies to costimulatory molecules such as B7.1/B7.2.
If Ag induces tolerance, then naive cells may express a partial
response at priming but they will not develop a response at
restimulation (14). If activated effectors are present and are
tolerized/anergized by exposure to Ag in the absence of
costimulation, they will be unable to respond to the cognate/
crossreactive stimulus that was initially effective for their
activation. Analysis of the cytokine response can distinguish
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whether Ag induces anergy (characterized by minimal IL-2
secretion) or cytokine mediated immunosuppression due to
high levels of IL-10 (12-14). In contrast, if activated effectors
are present, they will immediately or rapidly respond to Ag
by cytokine secretion without requiring division (15). In this
case costimulation through surface receptors may have an
enhancing/stabilizing effect on some responses (e.g., CD28
on IL-12R expression) and a regulatory effect on other
responses (e.g., proliferation) due to B7 ligation by negative
signaling receptors (e.g., CTLA-4) present on activated cells
(16). Thus characterization of the patterns of reactivity of
PBMC to tumor Ag can provide an answer to these questions.

DC-E75 stimulated high and rapid Ag specific IFN-y,
secretion by these CD8* cells in most donors in the presence
of IL-12. DC-E75 also induced IL-2 in these cells while
aB7.1 enhanced IL-2 production. The tumor Ag reactive
cells were below the affinity threshold for triggering IL-12
production by DC. Similarly the inhibition of IL-2 induction
by B7-CTLA-4 interaction helps maintaining these cells in a
functionally competent but low reactive state. The primary
DC-E75 stimulation even in the presence of aB7.1, or a-
CTLA-4 enhanced weakly T-cell proliferation and did not
enhance specific cytotoxicity. Our results indicate that activated
effector cells reactive with E75 and other tumor Ag are
frequently present in healthy donors. These cells appear to be
neither Ag ignorant nor functionally anergized, but the tumor
Ag acts as a weak/partial agonist by selectively inducing only
a subset of CD8* effector functions.

Materials and methods

Cells, antibodies and cytokines. HLA-A2* PBMC were
obtained from healthy volunteers from the Blood Bank of
M.D. Anderson Cancer Center. The HLA phenotypes of the
donors used in this study are as follows: donor 1 (A2, B7,
44), donor 2 (A2, 33, B40, 44), donor 3 (A2, 33, B4l, 81),
donor 4 (Al, 2, B27, 44), donor 5 (Al, 2 B44, 57, Cws, 0),
donor 6 (A2, 31, B35, 44, Cw4, wS5). T2-cells, ovarian SKOV3,
SKOV3.A2 cells, and indicator tumors from ovarian ascites
were described (9). mAb to CD3, CD4, CD8 (Ortho), CD13
and CD14 (Caltag Laboratories, San Francisco, CA), B7.1
and B7.2 (CD80 and CD86, Calbiochem), ICAM-1 (ICAM-1
(CD54, Calbiochem), CD40L (Ancell, Bayport, MN), HLA-
A2 (clone BB7.2, ATCC), and MHC-II (L243, Dako Corp.,
Carpintera, CA) were used as unconjugated FITC or PE
conjugated. Anti-CTLA-4 was a kind gift from Dr Peter
Linsley (Bristol-Myers, Seattle, WA). mAb specific for
IL-12, IFN-y and isotype controls were obtained from
Pharmingen. The following cytokines were used: GM-CSF
(Immunex Corp., Washington, DC), specific activity 1.25x10’
CFU/250 mg; TNF-a (Cetus Corp., Emeryville, CA), specific
and activity 2.25x107 U/mg, IL-4 (Biosource International),
specific activity, 2x10% U/mg. IL-2 (Cetus Corporation)
specific activity 18x10¢ TU/mg, IL-12 of specific activity
5x10°¢ U/mg was a kind gift from Dr Stanley Wolf, Department
of Immunology, Genetics Institute, Cambridge, MA.

Synthetic peptides. The HER-2 peptides used were: E75
(369-377) GP2/F53: (IISAVVGIL, 654-662), and F57
(IHLNGSAYSL, 439-447). GP2 and F57 define HER-2 CTL
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epitopes distinct from E75 (8-9). The modified Muc-1
peptides used were DI125: (GVTSAKDTRY) and D132
(SLADPAHGYV). The FBP peptides used were: E39 (FBP,191-
199, EIWTHSYKV), and E41 (FBP, 245-253 LLSLALML).
The Amino Enhancer of Split (AES) peptide used was
G76:GPLTPLPV. FBP and AES peptides were recently
identified to be recognized by ovarian and breast CTL
(10,11). The positive control CTL epitope used was the
influenza matrix peptide (58-66): GILGFVFTL, designated
as M1. M1 forms an immunodominant epitope recognized by
memory CTL in healthy donors (15). All peptides were
prepared by the Synthetic Antigen Laboratory of M.D.
Anderson Cancer Center and purified by HPLC. Peptides
were 95-97% pure by amino acid analysis. Peptides were
dissolved in PBS and stored frozen at -20°C in aliquots of
2 mg/ml.

Immunofluorescence. Antigen expression by DC and T-cells
was determined by FACS using a flow-cytometer (EPICS -
Profile Analyzer, Coulter Co., Hialeh, FL). DC were defined
by the presence of CD13 and absence of CD14 marker after
culture in GM-CSF and IL-4. For phenotype analysis, DC
were incubated with PE-conjugated anti CD13 mAb and
FITC-conjugated mAb specific for a surface Ag. For
determination of the effects of cytokines, peptides and T-
cells on surface antigen expression, DC were incubated with
the same amounts of cytokines and peptides as in T-cell
activation assays for 24 h, and the levels of Ag expression
were determined in the gated CD13* population.

Culture of PBMC-derived DC. CD13* DC were generated
from freshly isolated PBMC following the established CD14
methods (17,18). Complete RPMI medium (containing 10%
FCS) supplemented with 1,000 U/ml GM-CSF or 500 U/ml
IL-4 was added to each well containing plastic-adherent cells
and maintained for 7 days. T-cells were obtained from the
plastic non-adherent PBMC by removal of CD16* and CD56*
cells. CD8* cells were isolated by removing first the CD4~,
and then the CD16* and CD56* cells from the non-adherent
population using Dynabeads (Dynal, Oslo, Norway). CD8*
subpopulations were obtained using anti-CD45RO mAb and
anti-CD45RA mAb (UCHL-1, Dako) as described (15). After
depletion, the resulting cells were 97% CD8* as determined
by flow cytometry.

T-cell stimulation by peptide pulsed DC. DC were plated at
1.2x10° cell/well in 24-well culture plates, and pulsed with
peptides at 50 pug/ml in serum-free medium for 4 h before
addition of responders. TNF-a (50 U/ml) was added to DC
for the last hour to stimulate Ag uptake and presentation (17).
Autologous, isolated CD8* cells or isolated CD8* cells
(CD45RO* and CD45RO + cells depleted) in RPMI 1640
containing 10% HS were added to DC at 1.5x10%ml, followed
by IL-12. IL-2 was added 12-16 h later to each well. For
inhibition studies, mAb specific for B7.1, B7.2, HLA-A2 and
isotype control MOPC myeloma were added to DC or tumor
cells, 1 h before responders in amounts reported to be
inhibitory by the manufacturers. Anti CTLLA-4 and CD40L
mAb were added to T-cells | h before they were added to
cultures. The effects of peptides and cytokines on T-cell
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survival were determined by counting the numbers of
recovered viable cells, and determining the numbers of CD8*
and CD4* cells in the sample by flow cytometry. Specific
proliferative responses to E75 were determined by measuring
the incorporated radioactivity in equal cell numbers pulsed
with 1 uCi of (*H)-TdR (19).

CTL and cytokine assays. Recognition of peptides used as
immunogens by CTL was performed as described (8). Equal
numbers of viable effectors from each well were used in all
assays. Supernatants collected at 6, 24, or 48 h were tested in
duplicate for the presence of IL-2, IL-4, IL-10, IL-12 and
IFN-y using cytokine ELISA-kits (Biosource International,
Camarillo, CA) or R&D systems as described (19) with a
sensitivity of 4-7 pg/ml. IL-12 was detected using an ELISA
kit which recognizes both p40 and the natural heterodimeric
molecule.

Results

CDS8* cells from healthy donors display specific IFN-y
secretion within 24 h of contact with HER-2 peptide E75
potentiation by IL-12. To address whether stimulation with
E75 induce cytokine responses, plastic-non-adherent PBMC
from healthy donors were stimulated with autologous DC
pulsed with E75 (DC-E75) or as control with DC which were
not pulsed with peptides (DC-NP). Supernatants were
collected 20-24 h later and tested for the presence of IFN-y.
Since the frequency of E75-specific responders may be low,
we rationalized that addition of low concentrations (100-
300 pg/ml) of IL-12 will amplify the levels of IFN-y induced
by E75, thus increasing the likelihood of detection of E75-
responsive T-cells. IL-12 acts as co-stimulator for IFN-y
induction from T-cells by Ag, but by itself is a weak inducer
of IFN-y in T-cells (20,21). Results in Fig. I show the pattern
of IFN-y responses to E75 from four healthy donors, in the
absence or presence of JL-12. In donor I in some experiments
performed over time E75 rapidly induced IFN-y without
exogenous IL-12 (Fig. 1A), while in donor 2 (Fig. 1B) IL-12
was required to induce detectable IFN-y levels to E75.

Since these experiments were performed with populations
and not with isolated CD8* cells, these experiments were
repeated three times at weekly intervals with donor 3 to
address whether rapid IFN-y induction and its amplification
by IL-12 was not an isolated event. From donor 3 it was
possible to obtain repeatedly peripheral blood over six months.
Most experiments shown here were performed with donor 3
and were confirmed with at least one randomly selected
HILA-A2* donor. Each experiment shown in Fig. I1C was
performed with blood samples collected in different days.
We used each time freshly cultured DC, plastic non-adherent
PBMC from the same sample, and since the amount of blood
was small, variable concentrations of E75 (20-50 pg/ml) and
IL-12 (150 or 300 pg/ml). The results of stimulation
experiments over a period of 3 weeks confirm that the
pattern of responses observed with donors | and 2 was not
an isolated event. At these E75 concentrations, IFN-y was
undetectable unless its induction was amplified by IL-12. In
donor 5 E75 in high concentrations (100 pug/ml) induced high
levels of IFN-y within 24 h in the absence of exogenous IL-12
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Figure 1. Freshly isolated, unstimulated plastic non-adherent PBMC from healthy donors (A, B, D and E) and breast cancer patients (C) specifically secrete
IFN-y within 20 h in response to E75. A, Donor 1. PBMC were collected on days 0, 120, and 330 counting as day O the date of first collection and stimulated
with E75 at 50 ug/ml. (-) indicate not tested. B, Donor 2. E75 at 50 pg/ml. C, Unimmunized breast cancer patient. Supernatants were collected at 24 h after
stimulation with 50 ug/ml E75. IL-12 was used at 3 U (330 pg/ml). D, Donor 3. Days 7 and 14 indicate the days after the first stimulation when the
experiment was repeated with fresh PBMC. Day 1, 50 pug/ml E75 + 330 pg/ml IL-12; day 7, 25 ug/ml E75 + 150 pg/ml IL-12; day 14: 20 ug/ml E75 +
150 pg/ml IL-12. E, Donor 5, 100 ug/ml E75 + 330 pg/ml IL-12. Differences between the levels of IFN-y induced by E75 + IL-12 and E75 alone or 1L-12

alone were considered significant (p<0.05).

(Fig. 1C, column E). Similar results were obtained with
donor 4 (Fig. 6A) which was tested in a separate experiment
but not with donor 6 (Fig. 3B).

IL-4 was not detected in the E75 stimulation supernatants
while the levels of IL-10 determined in the same experiment
did not exceed 10 pg/ml during the first 96 h of E75-
stimulation (data not shown). Similar results were obtained
with 5 of 6 unimmmunized HLLA-A2* breast cancer patients
tested in the same conditions. Representative results with one
patient in Fig. 1C also show that the IFN-y response was also
enhanced by a-CTLA4 mAb. These results suggest that there
are significant numbers of E75-reactive T-cells in the PBMC
of unimmunized healthy individuals and cancer patients that
could be readily recalled following a primary stimulation
in vitro by E75 + IL-12.

T-cells from healthy donors secrete IFN-y within 24 h in
response to tumor cells in the presence of IL-12. Identification
of E75 reactivity with high frequency in the PBMC raise the
question of the potential of these cells for tumor recognition.
To address this question, we investigated whether freshly
isolated donor 1 T-cells recognized better the HLA-A2
matched tumor SKOV3.A2 compared with the non-matched
SKOV3. SKOV3 and SKOV3.A2 are identical but the latter
express a transfected HLA-A2 gene. Thus, donor 1 and
SKOV3.A2 (HLA-A2, 3,28, B18, 35) shared only HLA-A.2.
We wanted to know whether the same or higher levels of
IFN-y will be induced in T-cells responding to Ag presented
by allo-MHC-I compared with common HLA-A2. The
results, Fig. 2A show that T-cells secreted low IFN-y levels
in response to SKOV3.A2. IFN-y was not detected in response
to SKOV3. In the presence of IL-12, IFN-y was detected in
both cultures within 24 h, but the levels were significantly
higher in response to SKOV3.A2 than to SKOV3, suggesting
that HILA-A2 restricted activated T-cells are present in this
donor. To verify that IFN-y production was the result of
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Figure 2. A, Freshly isolated T-cells from donor 1 produce higher levels of
IFN-y within 24 h of co-culture with SKOV3.A2 compared with SKOV3.
(p<0.05, by the Student's t-test). B, IFN-y response to SKOV3.A2 is
dependent on HLA-A2 recognition. Experimental conditions as described in
the Materials and methods.

HLA-A2 recognition, SKOV3.A2 cells were incubated either
with BB7.2 mAb (a-HLA-A2) or with a non-specific isotype
control Ab (MOPC). The results (Fig. 2B) confirmed that
most of the IFN-y was produced in response to HLA-A2, and
was not increased by higher concentrations of IL-12. Thus,
freshly isolated T-cells from healthy donors can recognize
tumors in an MHC restricted fashion without previous in vitro
stimulation, suggesting that activated effectors are present in
these cells.

E75 induce IFN-y secretion from activated memory cells.
Requirement for cognate Ag. Rapid induction of IFN-y by
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Figure 3. A, Induction of IFN-y by E75 within 6 h (narrow hatching), and 48 h (wide hatching) from isolated CD8* cells from donor 3. All peptides were used at
10 pug/ml; IL-12 at 330 pg/ml. B, IFN-y induction from donor 6 by tumor peptides E75, E39, G76 and positive control M1 within 20 h in the absence of
exogenous IL-12 is Ag and its concentration dependent. IFN-y by G76 and M1 was significantly different from control NP cultures (p<0.05). C, IL-12 and

oCTLA-4 mADb synergize in enhancing IFN-y induction in response to E75 in isolated CD8* CD45RO*

cells from donor 3. Equal numbers (10%) of CD8*

CD45RO* and CD8* CD45RO cells were used as responders in each well. D, E75 in the presence of IL-12 and aCTLA-4 enhanced only marginally CD8*

cells proliferation. Equal numbers of CD8* CD45RO*

and CD45RO* depleted (CD45RO) were collected from cultures after 48 h and used to determine

differences in the rate of proliferation by E75. 10° donor 3 live cells were incubated with of *H-TdR for 8 h. Differences between IFN-y levels in columns 2, 3,
4, 5, and 6 are significant (p<0.05). The experiment was performed in tetraplicate. Differences in *H-TdR are significant for all the (%) E75 groups by the
Student's t-test, but the stimulation indexes (SI) are <2.0. Differences between groups IL-12-«CTLA4, and IL-12 alone are not significant, similarly
differences between E75 + IL-12 and E75 + IL-12 + «CTLA-4 are not significant.

E75 raised the questions whether E75 and other tumor
peptides prime naive T-cells or whether activated T-cells of
this specificity are present in these healthy donors. Naive
T-cells and resting memory cells require cell cycling (at least
1-2 divisions) i.e., minimum 30-40 h after Ag stimulation to
secrete IFN-y, while activated memory effector CTL respond
to Ag by IFN-y without requirements for additional cycling
(i.e., O divisions) (13). Thus from memory effectors IFN-y can
be detected within 6-24 h (15).

To establish whether the rapid IFN-y induction by E75 is
a property of existent activated CD8* cells and not the result,
of initiation of activation of naive cells, isolated CD8* cells
from donor 3 were stimulated with DC-E75 in the presence
or absence of IL-12. Supernatants were collected 6 h later and
analyzed for IFN-y. Rapid induction of IFN-y within 6 h was
observed only in cultures containing E75 + IL-12 (Fig. 3A).
The levels of IFN-y continued to increase over the next 48 h.
At this time, IFN-y was detectable even from the cultures that
did not receive IL-12. The levels of IFN-y were dependent on
Ag sequence, since FBP peptides, E39 and E4l, mapping
CTL epitopes showed similar (E41) or weaker (E39) abilities
than E75 to induce IFN-y. Secretion of IFN-y was Ag
concentration dependent, indicating that E75 specific T-cells

and not NK cells were the source of this cytokine (presented
from a separate experiment in Fig. 5). Similar rapid IFN-y
induction by E75 + IL-12 within 12 h was observed with
donors 1 and 4 (not shown) confirming that activated E75-
reactive T-cells are present in healthy individuals.

To verify that the IFN-y induction in tumor Ag-reactive
CD8* cells from PBMC is as rapid as the response of activated
T-cells reactive with conventional Ag, the experiment was
repeated in the absence of IL-12 with CD8* cells from donor 6,
using E75, E39, and the AES peptide G76 as stimulators. The
dominant HLA-A2 restricted CTL epitope from influenza
matrix (M1:58-6G) was used as positive control. A rapid IFN-y
response to M1, is commonly used to define the presence of
activated memory cells to influenza in healthy individuals (15).
All peptides were used at the same concentration. The results in
Fig. 3B show that in this donor, G76, and M1 at 50 ug/ml
(~50 uM) induced IFN-y within 20 h even without exogenous
IL-12. At 10 pg/ml none of these Ag induced detectable IFN-y.
The magnitude of response was Ag dependent. M1 induced the
highest levels of IFN-y. The IFN-y levels induced by G76 were
significantly lower. The response to E75 was borderline. These
results also show that the response is peptide-specific since E39
did not induce IFN-y.
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Figure 4. Induction of IFN-y from E75-reactive CD8* cells requires CD40L-CD40 interactions and is controlled by IL-12. A, Isolated CD8* cells from donor 1
were stimulated with 100 ug/ml E75 in the presence of «CD40L mAb or isotype control mAb (NP) indicates background levels from cultures not stimulated
with peptide (B). The same responders were stimulated with E75 and M1 at 25 pg/ml in the absence (-) or presence (+) of IL-12 (330 pg/ml). o-IC indicate
isotype control Ab. The levels of IFN-y induced by M1 were significantly higher than the levels induced by E75 in the presence or absence IL-12 (p<0.05).
C and D, In a separate experiment responders were stimulated with E75 at 25 ug/ml in the absence (-) or presence (+) of IL-12 (330 pg/ml) or IFN-y (50

pg/ml). NP indicate no peptide.

To establish that IJFN-y is induced in response to cognate
Ag and confirm that the differences between the levels of
IFN-vy are dependent on the Ag, the experiment was repeated
with donor 5, using three HER-2 peptides (E75, GP2 and
F57) reported to be recognized by CTL-TAL (10-12) and as
control the unnatural Muc-1 peptide D132. D132 was obtained
by replacing Pro (P2, P4) with a P2 anchor (L) to ensure
HI.A-A2 binding and a charged residue in P4 (D) to perturb a
TCR contact in the corresponding Muc-1 sequence. The
HLA-A2 stabilizing ability of these peptides decreased in the
order F57>D132>E75>GP2. The IFN-y levels in the presence
of IL-12 were: D132:105 (unnatural peptide), F57:380,
GP2:740, and E75:980 pg/ml, respectively. These results
were confirmed with donor 1: NP, 20 pg; D132, 25 pg; E75,
160 pg. The rapid IFN-y response was 6-9-fold higher for
E75, previously reported to be recognized by TIL/TAL, than
for the unnatural peptide D132 which is not present in the
donor. Since these differences were observed at the same Ag
concentration, they likely reflect differences in peptide

stimulatory potency and/or frequency of existent Ag-specific
activated responders.

To establish that the IFN-y response to tumor Ag originated
from effector or memory cells, but not from naive cells,
CD8* CD45RO* and CD8* CD45RO- cells were isolated from
the same blood sample from donor 3. Both memory and
effector cells express the CD45RO antigen. Equal numbers
of each population were tested in parallel for [FN-y induction
and proliferation in response to E75 + IL-12 (Fig. 3C and D).
The results show that CD8* CD45RO* cells were the main
producers of IFN-y in response to E75 + IL-12. The levels of
IFN-y were by 5-fold lower when CD8* CD45RO" cells were
used as responders. Comparison of the IFN-y levels with the
proliferative response demonstrated that E75 is a weak
inducer of proliferation in both CD45RO* and CD45RO-
cells. IL-12 did not synergize with E75 in increasing CD8*
cells proliferation. Although the overall levels of 3H-TdR
incorporation were higher in the presence than in the absence
of IL-12, the stimulation indexes for E75 + IL-12-stimulated
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cultures were <2.0. In the presence of IL-12, blocking of
CTLA-4 in responders increased the IFN-y response to E75
compared with E75 + IL-12 by two fold. In the same
experiment, the CD8* CD45RO* cells proliferation to E75 +
IL-12 + aCTLA4 was not significantly different from E75 +
IL-12.

E75-dependent induction of IL-12 from DC. Synergy with
IFN-y. To elucidate the IFN-y induction pathways activated
by E75 we first determined whether IFN-y induction required
CD40L-CD40 interactions between APC and T-cells.
Isolated CD8* cells from donor 3 were stimulated with 100 pg/
ml E75 in the absence of IL-12. Usually at this Ag
concentration IFN-y could be detected in the absence of
exogenous IL-12 (Fig. 1C). «CD40L and isotype control Ab
were added to cultures stimulated in parallel, and the IFN-y
levels were determined at 24 and 48 h. The results (Fig. 4A)
show that IFN-y secretion was significantly inhibited in the
presence of aCD40L suggesting that IFN-y induction required
CD40L-CD40 interactions between activated T-cells and APC.

Since the CD40-CD40L interaction is the major pathway
for T-cell dependent IL-12 induction from APC, this raised
the question whether IFN-y induction is controlled through
IL-12 induced from APC. To address this question we
determined the effects of neutralizing IL-12 on IFN-y
induction. Parallel cultures were stimulated with E75 or M1
in the presence of a neutralizing «-IL-12 mAb, and an isotype
control mAb (IC). E75 and M1 were used at 25 pg/ml. At
this concentration E75 but not M1 required exogenous JL-12
to detect induced IFN-y. The results in Fig. 4B show that
IFN-y production in response to both E75 + IL-12 and M1 +
IL-12 was completely inhibited by o-IL-12, suggesting that
induction of IFN-y is dependent on IL-12.

To address whether E75-reactive CD8* cells induced IL-12
from DC, we determined the levels of IL-12 in the same

-

experiment in response to E75 and control (no peptide). In
addition, we tested in parallel whether IL-12 and IFN-y are
cofactors for IL-12 induction by E75. E75 rapidly induced
IL-12 (Fig. 4C). Exogenous IL-12 had a modest synergistic
effect with endogenous IL-12 in determining the overall IL-12
levels in the culture (240 pg endogenous + 360 pg exogenous =
600 pg, compared with 780 pg total detected). This suggested
that the co-stimulatory effect of exogenous IL-12 is not due
to its own amplification. In contrast, IFN-y at 50 pg/ml (the
level induced by M1 in the absence of IL-12 in Fig. 4B)
synergized with E75 in enhancing IL-12 levels: 240 + 50 =
290 pg vs. 600 pg/ml total detected (Fig. 4C, column 3). Higher
levels of IFN-y were also detected in the wells stimulated with
E75 + 50 pg IEN-y, but not in the well stimulated with IFN-y
alone, demonstrating that IFN-y can amplify its own response
only in the presence of the tumor Ag (Fig. 4D). This effect did
not require exogenous JL-12 because the levels of IL-12
induced by E75 + IFN-y (shown in Fig. 4C) were apparently
above the threshold needed to costimulate IFN-y induction.

These results suggested that E75-reactive CD8* cells
induced IL-12, when recognized E75 on DC. Since IFN-y
was not detected at 25 pg E75 in this experiment, this
suggested that compared with M1 the induced IL-12 levels
were insufficient to co-stimulate IFN-y. To address this
question we determined in parallel the levels of IL-12 and
IFN-y induced in a concentration-dependent fashion by E75.
The experiment was performed in the absence or presence of
exogenous JL-12. We used M1 as a positive control. IL-12
production was Ag concentration dependent for both
peptides (Fig. 5A). The levels of IL-12 induced by M1 were
significantly higher than the levels induced by E75. Exo-
genous IL-12 did not change the dose-response pattern of IL-12
induced by the either Ag suggesting that within 24 h it did
not induce higher levels of IL-12 by itself. Again M1 induced
low levels of IFN-y in the absence of exogenous IL-12.
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CDS* cells. «B7.1 and B7.2 mAb were added to the DC 1 h before addition of responders (hatched) indicates levels of IL-2 determined at 24 h from cultures

stimulated with either peptide at 20 pg/ml in the presence of aB7.1.

The increase in overall levels of IL-12 following exogenous
IL-12 addition was paralleled by increase in levels of IFN-y
in response to both Ag. Thus the role of exogenous IL-12 is
to compensate for the insufficient levels of IL.-12 secreted by
DC at encounter with tumor Ag reactive CD8* cells (Fig. 5A
vs. B). The levels of IL-12 induced by 5 ug M1 were similar
with the levels of IL-12 induced by 20 pg E75. At these
peptide concentrations IFN-y was not detected in response to
E75. Therefore, the results indicate that there is a minimum
required level of endogenous IL-12 to be present in cultures
for IFN-y to be detected in response to tumor Ag. When IL-12
is below this level, IFN-y cannot be detected in response to
peptide stimulation (Fig. 5A and C). This deficiency was
compensated sometimes by high concentrations (>100 pg/ml)
of E75, (Figs. 1E and 4A), which induced substantially higher
levels of IL-12 (>1,600 pg/ml). (not shown).

Primary stimulation with E75 induced IL-2 in healthy donor
CD8* cells. Enhancement by aB7.]1. Regulation of T-cell
response by Ag involves at least two major mechanisms: the
first by direct induction of IL-12 from APC, through CD40L-
CD40 and the second through the B7-CD28 interaction
(22,23). The former apparently controls the IFN-y induction,
while the latter controls the IL-2 secretion and responsiveness
to IL-2 through high affinity IL-2R induction (24,25). The
first pathway can also positively impact on the second through
up-regulation, among others, of costimulatory molecules of
the B7 family. A B7-CD28 dependent costimulatory pathway
can also mediate a functional type 1 cytokine response (26,27)
and synergized with IL-12 (28). Results in Figs. 1C and 3C
show that a-CTLA-4 enhanced IFN-y induction in response
to E75 + IL-12. This suggested that the responders may be
activated but negative signaling after ligation of B7 reduces
the response. If this is the case, blocking of B7 is expected to
reverse the inhibitory effects. This will be evidenced by
enhanced induction of IFN-y, IL-2 and proliferation. To

directly address the role of B7 in E75-induced cytokines, we
investigated the role of B7-1 in IFN-y and IL-2 induction.

To verify that induction of IFN-y by E75 is enhanced by
B7 blocking, the experiment was repeated with donor 4 using
isolated CD8* cells. Since B7.1 and B7.2 were expressed on
DC at different levels, we used alternatively aB7.1 and aB7.2
mADb to block the receptor ligation. In the absence of IL-12,
aB7.1 did not enhance IFN-y in response to E75, while aB7.2
co-stimulated IFN-y induction only weakly (=50 pg/ml).
However, in the presence of IL-12, oB7.1 enhanced the E75 +
IL-12 induced response by two fold. The potentiating effect of
B7.2 was much weaker. The results (Fig. 6A) confirmed that
the synergy between E75 and aB7 for high IFN-y secretion
within the first 24 h required IL-12. Since blocking of B7-
CTLAA4 synergized with Ag + IL-12 in IFN-y production these
results confirmed that the responders were activated CD8* cells.

To characterize the ability of E75-reactive CD8* cells to
produce IL-2 the experiment was repeated with donor 3 using
M1 as positive control. Since in activated T-cells blocking of
B7/CTLA-4 was reported to reverse the state of tolerance of
T-cells for proliferation through induction of IL-2 (29), we
investigated whether in our system B7.1 was required for IL-2
induction in response to E75 and M1. E75 and M1 were used
at the same concentrations (5 and 20 pg/ml) as for IL-12 and
IFN-vy induction in the experiment shown in Fig. 5. E75
induced IL-2 in a concentration-dependent manner in the
absence of aB7.1. The IL-2 levels at 5 and 20 pg/ml E75
were 4 and 2-fold lower, respectively, than the levels induced
by M1. Twenty pg E75 induced the same levels of IL-2 as
5 ug M1. aB7.1 did not inhibit IL-2 production, but in contrast
it had a slight enhancing effect by 20% (E75) and 40% (M1)
compared with peptide alone. Even in the presence of aB7.1
the levels of IL-2 induced by M1 were at least two fold
higher than the levels induced by E75 (Fig. 6B). Thus
previously in vivo activated CD8* cells in this healthy donor
are not tolerized/ anergic with respect to IL-2 production.
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Figure 7. A, Prolifcrative responses of CD8* populations. aB7.1 enhanced
the rate of proliferation induced by priming with E75 in the presence of IL-2.
CD8* cells from donor 3 werc stimulated with DC-E75 for 72 h. 10° cells
were collected from each well, and pulsed with *H-TDR for the last 8 h. All
measurements were performed in tetraplicate. Results indicate cpm/50,000
cells + SD. B, IFN-y response of preactivated donor 3 CD8* cells. CD8*
cells primed with DC-E75 + IL-12 and maintained in culture for a total of
5 days were rested for 24 h in the absence of IL-2 and restimulated on day 6
with DC-E75 without exogenous IL-12. Supernatants were collected at 20 h.
Results indicate pg/ml/10° cells.

Since IL-2 acts as a survival factor, exogenous IL-2 at
200 pg/m! was added for the last 8 h before supernatant
collection in a parallel experiment. The results in Fig. 6C
show the IL-2 levels induced by E75a, M1 + aB7.1, after
correction by subtracting the amount of exogenous IL-2
recovered in the control wells. The levels of IL-2 induced by
E75, increased by two fold compared with the levels of IL-2
induced by E75 in IL-2 absence. In the same conditions the
levels of IL-2 induced by M1 increased by 5-fold. aB7.1
increased significantly, by 2.5-fold, the levels of IL-2
induced by E75 but less, by 1.5 the levels of IL-2 induced by
M1 without aB7.1. Again, levels of IL-2 induced by 20 ug
E75 + oB7.1 were similar with the levels induced by 5 ug
M1. The IL-2 response in E75-stimulated cells was stable for
the next 24 h. At 48 h, the IL-2 levels for 5 and 20 pg E75
were 88 and 120 pg/ml respectively. Thus, when in vivo E75-
activated cells remain viable they are able to produce more
IL-2 in response to blocking of B7.1 confirming that they are
not anergic.

Priming with E75 + B7.1 + IL-2 weakly increased CD&*
cells proliferation (Fig. 7A) similarly with E75 + CTLA-4
(Fig. 3D). This suggested that these cells undergo only limited
expansion in response to E75. E75 + IL-2 + aB7.1 induced
weak proliferation at 72 h, stimulation index (SI) = 2.53. IL-2 +
aB7.1 without E75 induced borderline proliferation (SI = 1.28)
compared with control E75-stimulated cultures: (SI = 1.0, i.e.,
993 cpm * 50). Thus, in the presence of IL-2 with blocking
of B7.1, CD8* cells responded to the E75 signal better than in
the absence of aB7.1. Thus the negative signaling through B7-
CTLA4 could provide a mechanism by which the proliferation
of these cells is inhibited.
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To address the possibility that the cells were not becoming
non-responsive as a result of Ag activation, and required IL-12
as a consequence of cytokine-mediated tolerization, E75 +
IL-12 and M1 + IL-12 primed cells from donor 3 were
restimulated with E75 and M1 respectively in the absence of
IL-12. IFN-y was determined 20 h later. The results in Fig. 7B
show that on a per cell basis these cells responded to Ag
stimulation, in the absence of IL-12, with even higher levels
of JFN-y. Thus CD8* cells present in healthy donors, after
in vitro stimulation became more responsive to restimulation
through the TCR, regarding proliferation and IFN-y production,
suggesting that under these stimulation conditions the Ag is
not tolerogenic.

Primary stimulation with DC - E75 £ IL-12, aB7/CTLA-4
induce Ag-specific.cytolytic activity infrequently. Ag-specific
CTL activity was observed at priming only in two donors and
inconsistently over time in two other donors. This suggested
that stimulation of this function required different activation
thresholds, which could not be reached by DC-E75. Ag-
specific CTL activity was detected in two other donors after
3-4 stimulations suggesting that differences in frequency
together with the slow rate of division of these cells did not
allow CTL effectors to reach the critical numbers for specific
lysis to become evident (Anderson et al, preliminary data).
These results show that activated tumor Ag reactive CD8*
cells are present in healthy individuals and are not tolerized.
They are responsive to stimulation through the TCR since
they rapidly secrete IL-2, IFN-y and IP-10 (Lee et al,
preliminary data) as well as induce IL-12 in DC. Tumor Ag
such as E75, are not tolerogenic but weak inducers of IL-2
and IL-12 and even weaker inducers of proliferation,
suggesting that they are weak/partial agonists for activation
of effector functions.

Discussion

In this study, we investigated the presence of activated,
tumor Ag- and tumor-reactive cells in CD8* cells freshly
isolated from PBMC of healthy donors. The IFN-y, IL-2, and
IL-12 induced by E75 and E75-reactive CD8* cells mirrored
the response to M1 conventially used to define the presence
of activated CD8* influenza specific cells in healthy
individuals. We found that E75-reactive CD8* cells are
present in some donors in a state wherein they can secrete
IFN-y within 6-12 h of antigen exposure. Our results show
that T-cells reactive with HER-2, FBP and AES peptides
exist in healthy donors and they are rapidly activated by
tumor Ag in a similar fashion with the memory cells reactive
with viral Ag. The fact that in the same donor Ag induced
IFN-y was detectable at different time points in the absence
or presence of IL-12 may reflect changes in the numbers of
E75-specific cells or in their state of activation. Since the
IFN-y response was obtained primarily from CD45RO* cells,
and was amplified by a-CTLA4/aB7 only in the presence of
IL-12, while the IL-2 response was amplified by aB7.1, our
results suggest that E75-reactive activated CD8* cells are
frequently present in healthy individuals.

In most donors, high IFN-y induction by Ag was detected
within 20 h when costimulated by IL-12. The exogenous IL-12
requirement for detection of IFN-y was dependent on the Ag
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sequence and concentration. The sequence dependency for
peptides derived from the same protein was supported by the
fact that in the same donor the IFN-y responses to other
HER-2 peptides of higher (F57) or weaker (GP2/F53)
binding affinity to HLA-A2 were significantly lower than to
E75. This also raised the possibility that CD8* cells of
different affinities for each tumor Ag and at different
frequencies may be present in the same individual. This
was suggested by the facts that: i) IFN-y responses to FBP
peptide E41 and to the AES peptide G76 both of lower HLA-
A2 affinity than E75 showed similar or higher IFN-y levels
with responses to E75 and ii) at high (100-150 ug/ml) E75
concentration exogenous IL-12 was not required for IFN-y
induction. IL.-12 was required when E75 was used at 5-20 pg/
ml. Similarly, influenza-matrix, M 1-reactive-CD8* cells from
the same donor required exogenous IL-12 when stimulated
with 5 ug but not with 20 pg of M1. For both Ag (E75 and
M1) the requirement for exogenous IL-12 for IFN-y induction
inversely correlated with the amount of endogenous IL-12
induced.

The presence of activated CD8* cells specific for E75 in
the PBMC of healthy donors is also supported by the fact that
these cells induced rapidly IL-12 from APC. IL-12 production
increased in direct proportion to E75 concentration. Since
induction of IL-12 require CD40 triggering, only when T-
cells are involved (24), these results support the possibility
that the responders to E75 and the other tumor Ag are
activated CD8* cells. We found that the amount of IL-12
induced in APC by peptide-reactive CD8* cells should be
above a certain level for IFN-y to be detected in response to
E75/M1. In the donors studied E75, at concentrations as high
as 20 UM cannot induce sufficiently high levels of IL-12
required for mediation of IFN-y costimulatory activity. The
IL-12 dependent control of IFN-y response to Ag may provide
a mechanism for maintaining these cells in a non-responsive
state. This may reflect the requirement for higher levels of
signaling by E75 and the other tumor Ag (AES, FBP) for
TCR-mediated activation of the existent reactive CD8* cells
compared with conventional Ag (30). By comparing the
levels of IL-12 and IL-2 induced by E75 and M1 at two Ag
concentrations it appeared that M1 is at least 4-fold more
potent than E75 in cytokine induction. Thus the lack of IFN-y
at low E75 concentrations did not reflect poor Ag presenting/
T-cell-activating ability by DC used as APC.

To gain insight into the requirements for activation of these
cells we investigated the mechanisms of activation that may
be affected by E75 recognition. IL-12 production is amplified
either by increased CD40L expression on T-cells or by endo-
genous IFN-y production. Both pathways are dependent on
Ag concentration (24). Although E75 stimulation increased
CD40L levels on T-cells it did not increase the numbers of
CD40L* cells. Using two-color FACS analysis (CD40L-PE
vs. CD8-FITC) we found that at 20 h E75 stimulation increased
the vertical (Y) mean for CD40L* CD8* cells in the upper
right quadrant by three fold (from 13.3 to 34.8). Addition of
IL-12 doubled the Y mean level to 70.9, but not the % positive
cells. The CD8* CD40L* cells were in the range 0.2-0.3%. We
also determined the expression of IL-2Ra (CD25), an
indicator of responsiveness through TCR, on E75-stimulated
cells. Stimulation with E75 + IL-2 increased only weakly the
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Y mean for CD8* IL-2Ra* cells, from 23.2 in control (no
peptide + IL-2) to 27.2 in E75 + IL-2. Thus E75 appeared to
have distinct potencies for induction of CD40L and IL-2Ra.

We demonstrated that IL-12 induction by E75 was not
dependent on the presence of endogenous IFN-y (Fig. 5).
However, low (50 pg) of exogenous IFN-y amplified the
IL-12 response to E75. Therefore, low levels of IFN-y -
induced by pathogens, or crossreactive Ag in the vicinity of
these cells, in vivo may activate IFN-y production by tumor
Ag in these cells through a positive feedback loop: Agl +
low IFN-y-IL-12-IL-12 + Ag2-more IFN-y. The exogenous
IL-12 requirement for IFN-y activation may be due to the fact
that E75 is a weak inducer of CD40L. Low levels of CD40L
in E75-reactive memory cells cannot induce the minimal levels
of IL-12 to co-stimulate for JEN-y production in response to
E75. Another possibility which was not yet investigated but
deserve attention in further studies is that the signal transduced
by E75 in T-cells is also a weak inducer of the IL-12Rf chain,
which is required for the high affinity IL-12Rf expression. The
high affinity IL-12R increase the sensitivity of responders to
lower concentrations of IL-12, and it is stabilized by IFN-y
(31).

Given our data demonstrating a role for CD40L and IL-12
in regulating IFN-y induction from E75-reactive CD8* cells
and the reports that IFN-y induction and IL-12 responsiveness
in T-cells can be also enhanced via CD28 we studied the
involvement of B7-costimulation in IFN-y and IL-2 production.
The regulation of IFN-y induction by IL-12 was confirmed
by IFN-y enhancement by mAb to B7/CTLA-4 only in the
presence of IL-12.

An enhancing role for blocking of B7 was observed in IL-2
induction by E75. E75 alone induced IL-2 within 24 h,
although at low levels. a-B7.1 increased E75-induced IL-2.
The fold increase was higher for E75 than for M1 in the
presence of IL-2. This suggested that E75-reactive CD8*
cells do not differ from positive control, in vivo activated
matrix-reactive CD8* cells, in their ability to induce/secrete:
IL-12, IL-2 and IFN-y. They differed in the overall amounts
of cytokines secreted. Since 4-fold more E75 was required to
induce the same levels of IL-12, IFN-y, and IL-2, induced by
M1, this raises the possibility that the activated CD8* cells
are in a hyporesponsive state. Since these results were obtained
only with few donors, additional studies using separated
populations are required to address this point. The 2-4-fold
difference in cytokine levels may not exclude the possibility
that the frequency of E75-specific CTL is lower than the
frequency of M1-specific CTL, or that within the E75-
responders there are subpopulations endowed with high IFN-y
secretion activity.

Priming with E75 in the presence of IL-2, aCTLA-4 or
aB7.1 although enhanced IL-2 production increased only
marginally the responders proliferation. The reasons for this
selective responsiveness are unknown. E75 + IL-12 primed
cells secreted high levels of IFN-y at restimulation with E75.
Thus they maintained responsiveness through the TCR.
However, their poor proliferative ability was not reversed by
preculture in IL-2 as was expected if they were partially
tolerized/anergic (Lee et al, preliminary data).

One possibility to be considered is that this functional
dichotomy reflects a weak agonistic activity of E75 in that
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the signal transduced through TCR can activate the IFN-y,
1L-12, IL-2 (this paper) and IP-10 induction (Lee er al,
preliminary data) but sustains a slow division of these cells.
The outcome of this slow division is that the frequency of
specific cytolytic effectors increase slowly with each Ag
stimulation. Based on CD8* CD40L*/IL-2Ra* data the
frequency of these cells is less than 10-3 but not less than
1/10,000-1/20,000. If a minimum frequency of 10'-107? is
required for detection of specific CTL activity (at E:T = 10-
20/1) (15), and these cells increase in number by 4-5-fold
after 2 stimulations, to reach the minimum threshold of 10-
fold increase will require more than 3 stimulations. This is in
agreement with reports on restimulation requirements for
induction of tumor cytolysis (32). This is also supported by
the slow increase in lytic units specific for melanoma Ag in
healthy donors compared with cancer patients (4). In support
of our conclusions, it has been recently shown that: i)
acquisition of cytotoxic function by activated CTL require at
least one cell division (33) and ii) T-cells that survive as
memory cells proliferate weakly during the expansion phase
of an immune response (34).

Our work raised the intriguing possibility that activated
HER-2 Ag-specific CD8* cells exist in vivo in healthy
individuals. This would make sense since it is unclear how a
peripheral repertoire of naive T-cells specific for tumor Ag
could be maintained in healthy donors in the absence of Ag
stimulation, and how it can survive only on cytokines secreted
in trans by other cells. Their hyporesponsive state may be
due to the increased threshold for self-reactivity as recently
described in IEL from self-Ag* mice (35). This hypo-
responsitivity may reflect the weak immunogenicity of the
tumor Ag in the periphery for positively selected self-
reactive cells (reviewed in ref. 36). Epithelial tissues
expressing HER-2 or FBP may provide the epitope precursors
and/or crossreactive immunogens due to physiological
turnover, while IL-12 induced by pathogens at the same time
may costimulate in trans IFN-y secretion. Similarly, IL-2
from pathogen stimulated CD4* cells can drive their expansion
or act as survival factor. Activated CD8"* cells may not need
professional APC for activation, since the B7-CTLA4
interaction may be in fact inhibitory. These populations may
be maintained in steady-state by death of activated cells
(AICD) expressing higher-affinity receptors for Ag. The
affinity for the tumor Ag of the surviving population may
decline over time. The surviving cells may be reactivated as
CTL-TAL only when the tumor expresses very high
concentrations of Ag (e.g., HER-2, gpl00, FBP). At that
time, tumor-derived IL-10, TGF, angiogenic chemokines,
will inhibit the functional IL-12, JFN-y and IP-10 response.

Identification of activated tumor-reactive memory CD8*
cells in healthy individuals with high frequency raise several
novel and possibly important implications for tumor immuno-
surveillance, and vaccine design: i) since such cells are
present in healthy donors their rapid mobilization to mediate
cytokine associated effector functions may be useful for
maintaining a mechanism of control of tumor emergence in
individuals at high risk or in patients with no evidence of
disease. This may be achieved by periodic stimulation with
low concentrations of tumor Ag plus IL-12. This should be
particularly relevant for ovarian cancer where the recurrence
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rate is high. ii) The sensitivity of IL-12 induction and of the
IL-12R to negative regulation by IL-10, may require, in
cancer patients, approaches to neutralize regulatory cytokines
at vaccination with tumor Ag if the activation of IFN-y*
effectors is aimed. ii) Naive CD8* cells primed by tumor Ag
plus B7 costimulation, over time convert to memory cells.
After death, due to repeated encounters with Ag, in vivo, the
surviving cells of lower affinity for Ag will require even
higher Ag concentrations for activation than at priming.
Blocking of B7-CTLA4 will be unable to reverse negative
regulation of CTL expansion if the tumor Ag cannot reach
the threshold for TCR signaling for cell cycling. Thus, the
weak signaling demonstrated by the wild-type tumor Ag
would require development of different TCR agonists than
the ones currently used, for activation of proliferation and
rescue of the high affinity memory cells, to be used for
vaccination. Therefore, the results reported above may be
useful to develop approaches to activate cellular immunity
to tumors.
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